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ABSTRACT 

This study focuses on how students make sense of and 
understand concepts related to the study of a wetland. The analyses 
of students' taUc and drawings recorded during a 2-week wetland unit 
were divided into two levels. The first level exarined students' 
understandings and explored student traits that contributed to a 
clear, staiJle understanding of the wetland environment. Students' 
Ideas seemed to fit patterns, which were categorized and discussed as 
strongly held ideas, developing ideas, easily altered ideas, and 
contradictory or confusing ideas. The second level of the analysis 
examined two of the students' sense-making processes, termed 
respectively a "scientific" process and a "stor:'telling" process. How 
students made sense of information seemed to be related to what they 
understood about the wetland. By providing a context within which 
students' actions could be observed and analyzed, the wetland study 
obtad^n information about how students' talk and play developed as 
their experience with concepts increased. Appended are copies of: (1) 
the consent form; (2) wildlife pict. ♦•es; (3) metaphor interview; (4) 
teacher hand-outs; (5) curriculum outline; (6) field notes; and (7) 
student drawings. (KK) 
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ABSTRACT 



Thtt thMis is a ^iialitativtt study in sciancs sducation, 
focussing on how students aaks ssnss of and \indarstand 
concepts ralatad to tha study of a vatland. Six grada five 
students' talk and drawings racordad during a two week 
wetland unit foraed the basis for the analysis. The 
analysis was divided into two levels. The first level of 
the analysis exaained students* understandings and explored 
student traits that contributed to a clear, stable 
understanding of the wetland environaent. Students' ideas 
seeaed to fit certain pautems, which were categorized and 
discussed as strongly held ideas, developing ideas, easily 
altered ideas, and contradictory or confusing ideas. 

The second level of the analysis exaained two of the 
students' sense aaking processes, teraed respectively a 
"scientific" process and a "storytelling" process. How 
students aade sense of inforaation seeaed to be related to 
what thciy understood about the wetland. The student who 
used a "scientific" sense-aaking process provided 
unaabiguous, clear and general explanations for events 
occurring in the wetland. The student who used a 
"storytelling" sense-aaking process provided personal 
stories, using factual inforaation as part of the story. 
Her explanations for events were soaetiaes contradictory, 
and they were specific to individual situations. She did 
not sees to have a stable, clear perception of the wc .land 



•nviroiuMnt. 

By providing a context within which studMits' actions 
can b« obsarvad and analyzad, tha watland study supplies 
information about how studants* talk and play davalops as 
thair axparianca with concapts incraasas. Tha watlaiid study 
is important for two raasons. First, as a sustained study 
of a group of studants, it creates a framework for studying 
how students sake sense of science concepts over time. 
Second, as a study developed and adainistered by a classroom 
teacher, it provides support for perspectives gained through 
research by a teacher within tha classroom. 
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CHAPTER 1 

EXPLORING OIILDREN^S UHDERSIANDING: AN OVERVIEW 
Prftparlnq thm Grounds for thm Vh^im 



Fmr studies in sci^nc^ education research have observed 
how a group of students B^ke sonse of a set of related 
concepts over a period of tiae* Aguirre and Ruhn (1987) 
observed students throughout a month long unit on radiation 
and nuclear energy but the focus of their study was to 
examine the characteristics of instruction that encourage 
students to construct knowledge as they learn* Bloom (in 
press) analyzed students* talk about their understanding of 
an unfamiliar concept but he interviewed each student only 
once* Other studies (Snively, 1983; Gilbert, Watts & 
Osborne, 1985) have used different methods for interviewing 
students to analyze their understanding about specific 
concepts but few studies have examined how students make 
sense of specific science concepts over c period of time* 

The current study provided six grade fiva students with 
opportunities to make observations about and to explore a 
wetland environment daily during a two^week vinit* The study, 
termed the wetland study, was designed to examine not only 
what students understood about the wetland environment but 
also to examine how they made sense of their observations. 

The thesis is based on a qualitative study of a 
learning situation* The purposes for the study are linked 
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to my •xpsri^nc^s as an •loMntary sciance taachar. I a» 
concarnad about hov atudanta aoMtiaaa aaaa to saka littla 
aanaa of aciantific principlas. If, aa a taachar, I know 
mora about how atudanta «aka aana^ of Information ralating 
to apaoific conoapta and can racogniza a pattarn to 
atudanta* davaXopiMnt of undaratanding, than it aay ba 
poaaibla to battar aaat atudanta* naada by providing tham 
with tools to halp tham affactivaly axtand thair 
undf ^rstanding • 

PuCToaas of tha study 
Tha primary purposa of tha currant atudy ia to axplora 
how atudanta maka sansa of concapta ralatad to tha atudy of 
a vat land anvironmant. Ilia aacondary purpoaa of tha atudy 
ia to aasaaa tha valua of aavaral mathoda usad to collact 
data in an athnographic atudy in which tha inatructor is 
also tha primary obsarvar. Tha rasaarch questions addressed 
by tha primary purposa ara: 

1. How dc atudanta axpraas thair undaratanding of the 
wetland environment throughout the in.^t? 

2. What ara the common charactariatics of the 
students* talk about the wetland environment? 

3. What processes do students use to make sense of 
concepts? 

Research questions related to the secondary purpose are: 
1. Which methods produce the most robust data? 



2. Whav ara tha strangths and limitations of aach 
Mthod? 

Tha sixth chaptar of tha currant thasis raviavs tha study 
and assassas how succassfully aach of thaaa quastions has 
baan ansvarad. 

Outllns of ths Study 
Tha thaoratical fr^^aairork for tha c^^ant study 
outlinas sav^ral rasoarch parspactivas that hava baan usad 
to axamina studan^a' undart^tanding. Tha vatland study 
ovarlaps savaral araas of rasaarch. Idaas about tha natura 
of scianca, about scianca aducal ion, aboiKt cognitiva 
psychology thaorias, about raflacting on axparianca to 
bacoaa axpart, and aix>at tha rola of languaga in structuring 
thinking fom tha basis of tha litaratura raviav, found in 
chaptar 2* 

Scianca aducators hava axprassad a graat daal of 
frustration about studants' rasifttanca to accapting a 
sciantific way of thinking (Linn, 1987; Drivar ft Bell, 1986; 
Chaapagna ft Klopfar, 1984) • Savaral rasearchars hava 
suggastad that identifying students* ttisccncaptions can 
alla4r new curriculum to be designed that can change 
students* understandings (Amaudin ft Kintzes, 1985; 
Handersee, 1985; Gil ft Carrascosa, 1987) • That seems to be 
only a partial solution* Information processing theory 
suggests that before students can be convinced to think as 
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Bcittntists it is iaportant to understand what is creating 
thoir resistance to change. 

Schema theory, %mich suggests that people create new 
liL'Towledge by using their existing knowledge base to sake 
sense of observations, is suggested as a feasible model for 
explaining how students* perceptions of concepts can be 
different fro> scientists' perceptions (Chaapagne & Klopfer, 
1984; Osborne, Bell & Gilbert, 1983). Inforaation 
processing theory provides a useful way of thinking about 
how students create knowledge. The literature review in 
chapter 2 suggests another view about how people make sense 
of events, looking at how our use of Izmguage structures our 
thinking. Differences between everyday uses of language and 
scientific uses of the saae language are suggested to create 
a cultural barrier that students find difficixt to cross 
(Hawkins, 1978; Hawkins & Pea, 1987; Osbomf , Jell & 
Gilbert, 1983). 

The thesis has been divided into, six chapters. The 
second chapter provides a rationale for the study. Reasons 
for choosing to observe students* responses to a task for 
two weeks as an instructor are discussed and supported by a 
theoretical framework in chapter 2. Chapter 3 describes the 
setting for the study, the curriculun outline and all data 
collecting nethods. Since the analytical fraaework was 
created as the data was collected and examined, the genesis 
of the analysis is described as part of the methods chapter. 
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Tvo chapters hav^ bmm dmvotmd to prMimtiiig the 
analysis of the data* The analysis developed into tvo 
levels vith a coraaon purpose**«*to cossent on hov students 
understand inforsation. The first chapter of the analysis, 
chapter 4, su99ests that students* prior experiences, their 
ability to use language to clarify id^as, and their 
confidence in their own knowledge can affect hov they 
understand ideas* Students* ideas have been categorized 
into four groiq;»****strongly held, developing, easily altered 
by observation and contradictory or confusing idea8«*-to 
provide a fraiievork for cosqparing and discussing students' 
understandings • 

Tiro of the students in the group were found to have 
very different perceptions from one another about the 
wetland environment • These two students are discussed in 
the second chapter of the analysis, chapter 5, examining the 
processes two students used to sake sense of their 
observations about the wetland. Although both students 
played with saterials and talked about their ideas as they 
sought to make sense of information, one student seemed to 
use a more erffective process for linking ideas* The tvo 
typ^s of sep^e making processes are termed a "scientific" 
process and a "storytelling" process* 

The "storytelling" process involved creating metaphors 
and stories to make sense of the wetland environment while 
the "scientific" process involved making hypotheses about 



probleas basad on cluas in the anviroraent, and testing the 
hypotheses as far as possible. The analysis suggests that 
a student yho Bakes sense of information by weaving it into 
stories may understand individual events in different ways 
while a student irtio makes sense of information by searching 
for clues to support his or her current Icnowledge may 
understand that events are relaced, and may seek consistent 
explanations for events* 

The final chapter of the thesis summarizes the study, 
assesses the value of each data collecting method used and 
answers the research questions presented above* Individual 
interviews, and tape recorded sessions are suggested to be 
the most useful data collecting methods* The effectiveness 
of several interview techniques derived from other studies 
is discussed* 

Implications of the wetland study are discussed in 
chapter 6* The wetland study provides evidence to support 
some parts of the current theoretical understandings about 
how students make sense of information* The study indicates 
that students need to manipulate materials and to talk about 
their ideas* It also suggests that more qualitative research 
studies are needed in the area of science education to 
observe how students* understanding develops about specific 
concepts over a period of time* Chapter 6 ends with 
comments ab^ut the study's design, and questions appropriate 
for a follow-»up ethnographic study, to be done by a teacher c 
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CHAPTER 2 

CHILDREN'S UNDERSTANDING: A CONCEPTUAL FRAMEWORK 

Rationale 

As an elementary science teacher I am curious about hov^ 
my students learn and I a» concerned about students who seem 
tc be constantly frustrated by the process of learning* In 
spite of efforts to improve the success of science education 
programs, children's ideas about scientific phenomena have 
been found to often be idiosyncratic and resistant to change 
through education (Champagne & Klopfer, 1984; Linn^ 1987)* 

Students* resistance to change through education is not 
only frustrating as an educator but also potentially 
dangerous* There is a realization that ve need to rapidly 
change how ve think about the earth if we are to survi^^re 
much longer on this planet* Educators can play an important 
role in shifting cultural perceptions about the environment* 
If we know how students* understandings about the world 
affect how they make sense of new information, then perhaps 
we can find ways to challenge students* basic views and 
affect real change in their perceptions of the world* 

Several interpretations based on a variety of 
theoretical frameworks have been developed to explain how 
students make sense of data and how their perceptions about 
the world may affect their understanding* The current 
thesis makes reference to several research theories 
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explaining students' sense making processes. These theories 
are discussed In this chapter. 

The literature review has b^en divided Into five 
sections. The first section considers the nature of science 
and how science Is often perceived as a discipline. The 
second section discusses findings In science education 
literature explaining sturtencr* alternative conceptions of 
science Information. Differences between the cultures of 
science and of evexyday living are discussed. Strategies 
being used to make sense of students' alternate conceptions 
and to encourage them to adopt a more scientific approach 
are also considered. The third section discusses the role 
of cognitive psychology research in examining how students 
construct knowledge. 

The fourth section of the chapter discusses the 
value of reflecting on one's understanding about events and 
considers the imporcance of language and play in students' 
attempts to make sense of unfamiliar ideas. The last 
section discusses reasons for using an ethnographic research 
design in the current study and some considerations to be 
made within a qualitative study. 

The Nature of Science 
The first section of the literature review briefly 
examines the nature of science and how it is thought about 
by teachers as the purveyors of science education. The 
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arguamt suggastK that tha vi«w of tha world prttsent«d 
through scisncs education mist b« racognized by taachars as 
an inascapabla influanca on thair taaching. Students' views 
of the world are considered within the second section of the 
literature review., dealing with alternate conceptions. 

One of the most powerful influences on the perception 
of what should be taught in science coaes froa the world 
views of those involved in the education process. A wor3^d 
viQw provides a conceptual structure which incorporates an 
individual's knowledge and experiences about the world into 
a sensible, meaningful model. Kilb^jum (1980a) suggested, 
with reference to Pepper (1942), that one's world view is so 
intimate and pervasive that its effects on one's actions are 
•nomous but often unsuspected. Kilboum (1980a) pointed 
out that the hidden, or even subconscious aessage relayed to 
students by the teacher can block the students' awareness 
that there can be other ways of viewing the world. 

Nunby and Russell (1983) and Kilboum (1980a) agreed 
tliat the aodel upon which science education *..» currently 
based is that of a aetaphysical aachine. A aechanistic view 
of the world assuaes that events are predictable and 
generalizable, and that causes can be linked to effects. If 
scientific thinking is linked only to a mechanistic aodel 
within school science, then acceptable ways of thinking 
about events are liaited. Such a view is troublesome 
because it can contribute to probleas in increasing 
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students* succMs in scimctt •ducation. In spit* of 
instruction, aany students maintain thair own sansa making 
■yatam about tha world, raj acting tha taachar's viaw that a 
aciantific parapactiva would ba suparior. Drivar and Ball 
(1986) pointed out that, in fact, students of tan intaract 
with axpariancas in thair own ways and that thay can learn 
di^rarant things from tha sa»a axpariancaa 

Hodson (1986) took a nuabar of axamplas of figures used 
in psychology to illustrate that observations about the 
world are dependent upon the viewer's experience with the 
data, upon previous knowledge of the figures, and upon the 
context in which the figures are presented* Goldstein and 
Goldstein (1978) argued further that observations about 
similar events can lead to widely varying conclusions based 
on cultural understandings about events* Cultural 
understandings, including cultural differences between 
scientists and non-scientists, colour the context within 
which an individual perceives events* 

The effect of context on perception is not accounted 
for within a mechanistic world view* Roberts (1982) 
suggested that widely opposing views — those that deal with 
the mechanics of events, as opposed to those that deal with 
tha context within which events occur —can provide equally 
sound arguments to explain situations* Although he was 
examining ways of approaching research in science education, 
tha argument also seems to be appropriate to the discussion 
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about thm nature of scianca itaalf • Tha diffaranca batvaan 
ways of arguing raata in tha backinc' providad to support tha 
argusant* If avanta appaar to ba cauaally ralatad and 
avidanca of causation provad, than a Machanistic viaw can 
provida a plausibla axplanation for obsarvad avants. Of tan 
avants ara not logically or avidantially linkad. In soma 
casas, avants aay ba battar axplainad by racognizing that 
thay must ba viavad within a particular contaxt. 

A machanistic viaw and a contaxtual viav of tha world 
and of scianca in particular can ba complamantary* 
Diffarant world viaws can axplain tha sama phanomana, in 
ways that maka sansa to individuals who approach tha problan 
with diffarant knowladga basas and a ranga of axpiariancas. 
This issua will ba rafarraf^ to later in tha thasis, during 
tha discussion of tha rasults of tha study • Tha naxt 
qua^cion to ba considarad in tha litaratura raviaw is how 
succassfully studants' explanations can dascriba tha 
anvironmant for another person. The basis for asking the 
question has roots in the "^misconceptions** literature. 

Misconceptions Literature 
""Misconceptions** literature within the current 
discussion refers to a number of research findings with two 
common features. First, they all acknowledged that students 
enter science education programs with a well established 
world view. They recognized that students make selective 
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ob«#rv«tlon« about thm world and organiza information in 
way* that aalca sansa basad on thair undaratanding about tha 
way tha world worka (Fiahar & Lipaon, 1986; Linn, 1987; 
Rawkina & Paa, 1987) . Tha aacond conon faatura of all tha 
papara waa racognition that It ia axtraaaly difficult to 
changa a atudant'a intarpratatioh of avanta. 

Tha Bajor diffarancaa batwaan raaaarchars* viawa can ba 
illuatratad by tha languaga thay uaa to daacriba laamara. 
Two approachaa to axplaining atudanta* inability to accept a 
rciantific concaption of mvn\.a ara diacuaaad balow. The 
flrat group claaaad atudanta* non-aciantific understandings 
aa errors, or as aisinterpretationa of information while the 
second group examined non-scientific understandings as 
failurea to adopt the culture of scientific thinking and 
inquiry. 



Studies Focugaina oa fi»^ «f>n ^ »>rror« or Miai nterprftfciH-ift nff 

Discussions about student errors in science can be 
preaented either aa an iasue encouraging students to reflect 
upon their work or aa an isaue encouraging educators to 
reflect upon the curriculum. Fisher and Lipson (1986) 
suggeated that atudent errors can be used aa a means of 
improving atudants* ability to assess their own work, in 
contrast, a mber of researchers discuss students' 
"misconceptions" as a problem related to cu.rriuclum, with 
^ responsibility for change being left to educators. Fisher 

<^ i 

M 21 ; 

fiHmrmii i in j 

I 
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&nd Lipson's research is discussed below, followed by a 
selection of reports suggesting curriculum changes to 
improve science education. 

Fisher ani Lipson (1986) recommended analyzing 
students' errors in i^cience as an effective means of 
discovering root causes of students' misunderstandings. 
Errors, they contended, are an essential part of the culture 
of science. Students should be able to use errors as 
opportunities to critically assess their own work and to 
learn how to avoid the problem in the future. As a teacher, 
I like Fisher and Lipson 's view. Students seem to be 
willing to risk more if they recognize that it is, in fac».. 
a i^art of science learning to make mistakes. Acceptance and 
assessment of errors may be one iiqK)rtant factor in 
challenging students' non-scientific conceptions, but the 
approach assumes that a certain level of enculturation into 
the world of scicmtists already exists. A cultural barrier 
between scientific and everyday thinking is described below. 

Many researchers seemed to suggest that it is the 
educator's task to alter children's perspectives. Several 
science education research reports offering suggestions for 
changing science curriculum are reviewed below (Amaudin & 
Mintzes, 1985; Perez & Carrascosa, 1987; Wandersee, 1985; 
Gilbert, Watts & Osborne, 1985) . Common features of the 
reports were that they all discussed the need to change 
students' ideas about scientific events and they all focused 
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thttir assttssMxit on students* concepts of one narrow issue 
in cither life sciences or physical sciences* Perhaps the 
Most important feature to note is that they all presented 
stulents with a series of direct questions requiring simple 
ansvers that could be statistically analysed and readily 
co^fwred vith other students* responses* 

Amaudin and Mintzes (1985), and Wandersee (1985) 
co^;>ared students* responses across grades* Based on their 
findings, they both suggested that as children get older, 
some of their ideas progress toward scientific ideas while 
other concepts are resistant to change* As an example, 
Amaudin and Nint£es (1985) discovered that students* 
understanding about the function of blood shifted from an 
elementary school understanding that blood keeps people 
alive, to a more advanced understanding that blood carr, as 
oxygen and nutrients* On the other hand, studenrs* ideas 
about the structure of blood remained relatively constant 
from elementary school through college level* 

Wandersee (1985) found that as students progressed 
through school, they tended increasingly to choose 
explanations about photosynthesis from a selection of 
historical understandings that fit the currently accepted 
explanations* Some concepts were easily shifted while 
others led to only a small increase in the number of 
students adopting the accepted scientific explanation with 
increasing grade* Both studies (Amaudin & Mintzes, 1985; 



iraivl«r8tt#, 1985) provided racoUMndations for Isproving 
scimctt curriculum, bas^d on Mthods tMt#d in tha study. 
Thar* aaaas to ba an iaplicit yat unprovan claim in both 
studias that thair suggastiona for curriculum davalopmant 
can altar atudanta* undaratanding and iiqprova acianca 
•ducation. 

Tiro of tha papara (Gil & Carraacoaa, 1987; Wandaraaa, 
1985) auggaatad that atudanta* common aanaa raaponaas 
raflact tha hiatorical miaconcaptiona of aciantiata 
studying, raapactivaly, tha princlplaa of machanica and 
photosynthasis. Studanta vara found, in both atudiaa, to 
prcvida ansvars that aupportad common . sa concluaiona 
about problams, rathar than agraaing with currant aciantific 
thaorias. Gil and Carra.'tcoaa alao found that both studanta 
and taachara tandad to ansvar guastions quickly, limit J.ng 
tha amount of tima spant raflacting on tha problam. 

Both Gil and Carraacoaa (1987) and Wandaraae (1985) 
racommandad including a hiatory of acienca in acience 
education coursas ao a maana of reducing students* 
**misconcaptiona.** The diacuasion in both studies was 
unsettling because neither one explained hov introducing 
studenta to historical errors in science would increase 
students* ability to interpret events from a scientific 
perspective. Furthermore, Wandersee's c^ata suggested that 
students did not alvaya move from disproven historical 
theories to accepted theories even after instruction. 
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611 and Carrascosa (1987) suggaatad that historical 
•vidanca could shift studants' undar standing, but thay 
showad that tha nuabar of incorract rasponsas studants 
of farad about aachanioa quaationa raaainad ralativaly 
cons' emt, or avan incraasad with aga. No avidanca has baan 
providad to support tha clais that introducing studants to 
historical arrors in scianca can incraaaa studanta' 
salaction of currantly accaptabla sciantific thaorias. 

Thara aay ba soaa ralavanea to tha notion that studants 
should undarstand soaathing alsout tha history of scianca, 
but naithar Gil and Carrascosa nor Wandars^t (1985) 
prasantad avidanca to iniicata how an introduction to tha 
history of scianca could incraaaa studants' succass in 
undarstanding sciantific principlas. Part of tha problaa 
■ay ba that tha atudias raviawad sbova usad vultipla choica 
quastionnairas to dataraina atudants' idaaa and did not 
ancouraga atudants to talk about thair undaratandings. 

Studiaa conductad by Cilbart, Natta and Oaboma (1985) 
wara aiailar in soaa vaya to tha atudiaa dascribad abova in 
that atudants wara ahown a aariaa o£ picturaa ralatad to a 
phyaical principla and wara askad quastions answarabla with 
"yas" or "no." In addition to t^im ainpla quaationing, 
howavar, atudanta wara aakad to explain thair responses. 
Tha technique, termed an Interview-about-Inatances (lAl) , 
waft uaed to explore students' use of language about physical 
fdienoBena. 
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Th« ZAZ t««hni(iatt provided lor Giltert mt ftl.'l985) a 
context within which to Mq^lora thm eultnra of studants in 
sci«nc« olaf*s«s. DiBCussion sbour studdntK* *2nm of languaga 
to datcriba seiantific phanoaana providaa tha baaia for tha 
naxt part or tha litaratura raviaw, axploring tha 
diffarancaa batwaan atudanta' cultura and aciantiata* 
eultura. 

rflimrt to Adopt tha cuXt-,mt Qf scitntltti 

Oaboma, Ball and Gilbart (1983) outlinad diffarancaa 
batwacin childran'a acianca, irtiich thay rafar to aa 
"childran'a attaapta to aaka aanaa of tha world," and 
aciantiat'a acianca. Sciantiats, thay auggaat^d, ara 
capabla '^f abatract raaaoning that ia difficult for children 
an thay atruagl* to undaratand tha iaaadiataly aurrounding 
world. Childran baaa thair undaratandinga about tha world on 
thair own axpariancaa and tand to aaarch for apacific 
axplanationa foj:^ eventa avan if thia aaana contradicting an 
aarliar explanation given in a ainilar aituation. 
Scientific lUHleratanding often goea beyond a child 'a 
experience. Children can have a difficult tiae recognizing 
a need for sherant, non-contradictoxy explanations for 
eventa. 

Another difference aeparating childran'a culture and 
aciantiata' culture involvea a language problea. Although 
aany of the aaae worda are used to describe everyday 



26' 



situations and scisntific svsnts, sciantific axplanations 
raquira such aora pracisa dafinitions. Osboma at al* 
(1983) arguad that childran, baing axposad worm to tha 
avaryday usas of languaga than to its sciantif ic usas bacoma 
incraasingly rasistant to tha linguistic pracision raquirad 
to understand and to asqplain avants as a sciantist* Thay 
suggastad that thera can ba graatar cultural similaritias in 
tha understanding of concapts across intamational borders 
than across the border Jootveen avaryday and scientific 
thinking* 

Hawkins (1978) expressed concern about the seemingly 
unbre^chable culture gap betve^ conion sense and science* 
He argued that the bridge between the cultures involves 
increasing students' understanding of elementary scientific 
principles* These fundaaantal principles are seen as the 
basic units upon which all other understanding of science 
events can be structured* Hawkins' (1978) outlined several 
issues students often find difficult to understand, such as 
principles of size and scale* He termed these difficult 
concepts as "critical barriers'* to scientific imderstanding* 
Hills and M^Andrews (1987) elaborated on Hawkins work, 
suggesting that students and teachers can cross critical 
barriers by spending time observing and talking about 
scientific phenomena presented in unusual ways* 

How can the language barrier between everyday and 
scientific understanding be bridged? Several science 
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education vmmmKcthmrm hava takan staps to axplora tha 
pr^laa* Thair work ia diacuasad within thia aaction* 
Diacuaaion of tha rola of languaga in davaloping an 
undaratanding of aciantif ic principlaa ovarliq;>a with aavaral 
araaa of raaaarch* In a latar aaction of thia chapter the 
iaaua of languaga aa a tool for aanaa aaking ia approached 
from a cognitive parapective* Tha praaant diacuaaion 
focuaaa apacif ically on tha function of languaga in acienca 
education* 

One of the greateat differencea between everyday 
language and scientific language ia the level of precision 
required to explain concepta (Hilla & McAndrewa, 1987; 
Hawkins & Pea, 1987) . Everyday language ia rich with 
aetaphora that provide adequate images to sake sense of 
events but %ihen analyzed cloaely, they often present 
contradictory, incoherent explanations of events (Hawkins & 
Pea, 1987; Osborne, Bell & Gilbert, 1983)* Hawkins and Pea 
(1987) suggested that one of the common featiures cf everyday 
language and acience language ia the use of explanation • 
Teaching studenta to use language precisely in explana.tions 
may be an easential step in bridging the gap between the 
language of science and evexyday language* 

Studiea examining children's oral language suggested 
that there ia a great deal of redefining of terms as 
children consider new information about observations* 
Solomon (1983) suggested that students can adopt scientific 
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•xplanations for •vwits if tlMy ars taught using a aixturs 
of Bcitntific and avtryday language. Osborne ot al. (1983) 
argu«d that t«achars oftsn prasant a confusing mixture of 
childran's scianca concapts aixad with tasctbook science 
taras. Children's science, they contended, cannot be 
ignored, but should be recognized both by the teacher and 
the child as a structure of ideas that vust be challenged. 

When children are presented with an unusual situation 
and are asked to talk about it, they seem to create meanings 
(BlooB, in press) . Blooa suggested that students draw on 
other familiar concepts to create meaning about and 
explanations for an unfamiliar observation. When children 
were presented with a container filled with earthworms and 
asked to talk about it they seemed to seek associations 
between their experience and previous knowledge. Bloom also 
found that students created metaphors to describe the worms. 

In other work (Bloom, 1930) , students were asked to 
create context maps. Context maps required students to link 
all their ideas about one topic, such as world issues, using 
words and pictures. Follow up interviews with the students 
allowed them to talk about their context maps and to explain 
their thoughts. Bloom's methods allow children to talk 
about their beliefs but capture only a moment of the child's 
thoughts. There seems to be a need to explore how students' 
thoughts can develop and be used to create a bridge between 
everyday language and the language of science. The next 



ftttotion of the literature reviev identifying students* 
thought processes Boves into information processing 
theories. 

Cognitive Psveheloav Research Describing 
Smnnm Hakino Bahaviour 
Questions about how learners make sense of infomation 
provide the basis for aany research projects in the fields 

of science education research and inforaation processing 
research. The work of aany researchers overlaps the two 
fields (Chaar>agne & Klopfer, 1984; Resnick, 1983; Carey, 
1986; Osborne & Wittrock, 1983; Posner, Strike, Hewson & 
Gertzog, 1982). This section of the literature review 
outlines features of cognitive psychology research that 
offer valuable insights into science learning. 

The section begins with an overview of schema theory, 
followed by a discussion of current views held about 
processing and accessing infomation. The section ends with 
ideas about how students can accept data inconsistent with 
their apparent understanding of scientific principles and 
comments about differences between novice and expert 
infonouition processing. 

Defining Schemata 

Two major types of knowledge occurring in memory have 
been defined — procedural Knowledge, referring to knowing 



30 



22 

how, and daclarativa knoirladga, rafarring to knoving that* 
A achaM ratara to a knovladga atructura in M»ory which 
allovs daclarativa knoirladga, aortad by catagoriaa and 
ralationahipa, to ba ratriavad froa long tara aaaory 
(Chaiqpagna ft Klopfar, 1984) # Schaaata provida tha laarnar 
with axpactationa about idiat vill happan within a particular 
aituation (Andnraon, 1984; Branaford & Johnson, 1972) « 
Branaford and Johnaon (1972) daaonatratad, uaing a aariaa of 
aaaningly non-aanaical paaaagaa, that if tha contaxt within 
which information ia praaantad ia obacura than laaming is 
likaly to ba alow and uncartain* Thay arguad that in tha 
abaanca of a familiar contaxt tha laarnar could hava trouble 
assimilating infrr^cition into an existing schema « 

For some learners, the context within which aciance 
concepta are preaantad may be obscure. Champagne and 
Klopfer (1984) hava obaerved that students sometimes 
^^^sociate science information with schemata other than those 
intended by the teacher. They have founds for example, that 
while students may accept the laws of Newtonian mechanics in 
one situation, they may not be applied to other situations* 

As has been diacr^^ed above, atudenta* conceptual 
f ramewor)ca for undaratanding data can be extremely resistant 
to change through instruction* What doea information 
processing research offer for improving science education? 
Three approaches are discussed below* First, it may be 
possible to change a student* a perspective on a problem* 
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Sttcond, studMits* probloi solving •xp«ri«nctts may assist in 
■odifying existing schsmata. Third, it may b« posslbla to 
facilitata studsnts* accass to knowl«dga storad in Maory. 

Proeassiny mnA Xeeaaaira Infor—tion 

Diffarancas in parspaotiva of tan provida tha basis for 
humour in our sooiaty. Childran anjoy, for axampla, tha 
advanturas of Aaalia Badalia who doas many silly things as 
sha rasponds inappropriately to litaral intarpratations of 
taras. I think that childran an joy tha humour bacause they 
somatimes find themselves holding a view that is not the 
perception expetTted or accepted by the teacher. Shifts in 
perspective may involve showing a picture to create a 
context through an image (Bransford & Johnson, 1972) or 
providing an additional piece of information to use as a 
hint or clue to the expected context (Anderson, 1984; 
Bransford, Sherwood, vye & Rieser, 1986) . 

Anderson and Pichert (1978) found, in a study asking 
university students to read a description of a house, that 
details were most clearly recalled when the information was 
considered to be important based on a particular perception. 
When subjects were prompted to change their perception of a 
problem, from a burglar to a prospective housebuyer, a 
different set of important details could be retained from 
the same descrx^'tion. After a period of tine, unimportant 
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dstails v«r« found to disanP**' hmctmm irrstrittvabltt 

froM M»ory. 

rinding ways of cbanging studants' parcaptions about 
scianca problaas aay ba ona way to incraaaa tha auccaaa of 
inforaation racall. Raanick (1983) has suggastad that 
without appropriata schaaata to organisa and atructura 
knowladga, information iu forgottan or at laaat inaccassibla 
to mMK>ry« 

laproving studwits* skills as problsm solvsrs Bay be a 
sacond way of incraasing studants' davalopmant of 
appropriata schanata for assimilating scianca inforaation. 
Caray (1986) and Larkin and Rainard (1986) hava suggastad 
that vith incraasing axpartisa, na^ relations between 
concepts become obvious, creating new scheMta appropriate 
for solving problems. The process continues as new problems 
arise and schemata are developed and modified to solve the 
new current problems. Shifting from a novice problem solver 
to an expert is discussed in the next section of the 
literature review ^ focussing on the learner as a reflective 
problem solver. 

Larkin and Rainard (1984) have identified three 
components of a problem solving model. The first is a 
representation of the problem solver's current knowledge 
about the problem. The representation can take several 
forms, depending on the problem solver's choice of and 
ability to use a variety of communication tools. 
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Gardr it^ and Hatch (1989) saintainad that tha 
coBMunication of intall Iganca in schools is largely liaitad 
to logic^^ -aathaaatical and linguistic foraats. Thay 
suggastad that assassMnt of studants* ability in school, 
including thair ability to solva problaasr should allow 
studants to axplora a aultltuda of intalligancas. Larkin and 
Rainard (1984) hava limitad tha currant problaa solving 
modal to logical-mathaaatical and linguistic irxalligancas* 
Linguistic Icnovladga is tha primary fom of conmnication 
usad in < tha currant thasis as wall* 

Tha sacond coaponant of Larkin and Rainard *s (1984) 
problam solving modal is a sat of ralas for building 
raprasantations of problams* Each rula dascribfts an action 
associatad with a condition describing whan tha action is 
corract or usaful* Tiiis second componant of tha problem 
solving model allows an assessment of the consistency of the 
problem solver's current knowledge with the conditions set 
in the problem* The third component of Larkin and Rainard 's 
(1984) model involves an interpretation of how the rules 
apply to the problem. As new conditions are added to the 
problem situation, an interpretive process checks that the 
rules still match the conditions set by the problem 
representation* A novice problem solver can be guided to 
check the validity of steps in the problem representation* 

Larkin and Rainard (1984) recommended that the problem 
solving model may be useful in explninlnc; what students are 
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doing wh«n thsrs is uaam confusion or rssistancs to 
instruction. Although ths aodsl has b—n dsvslopttd using 
protocols colloctsd in physics and »at}i««atics, it sesas to 
provids a gansral aodal for axaaining and coaparing 
students' talk about problaa situations ancountarad within a 
vatland anvironaant. 

Studants can approach problaa situations in diffarant 
ways and with diffarant rasults. Bransford, Sharwood, vya 
and Riasar (1986) suggastad that ona of tha greatast 
diffarancas batwaan acre and lass successful learners is 
their relative ability to identify probleas, to develop and 
act on a strategy and to analyze their results. More 
successful students, they suggested, are able to revise 
their hypotheses and test alternate strategies, students' 
representations of probleas presented within the wetland 
study and their approaches to solving probleas are discussed 
in chapter 6. 

A third area in which inforaation processing theory can 
help providte solutions to probleas encountered in science 
education research involves exploring ways of facilitating 
access to inforaation stored in long tera aeaory. Bransford 
et al. (1986) coapared aethods of accessing inforaation 
based on the hypothesis that if students considered 
toowledge useful only in the classrooa, they would not 
recall it as well as if they coul-^ see applications to their 
own lives. 
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NhMi coll^g^ studmts iraro divided into tvo groups 
studying attsntion, ons half studisd strat<^iss and 
tschniquas irtiila tha othar half ^s ancouragad to think 
about lapsas of attantion (Bransford at al • , 1986) • Racall 
of information was such graatar in tha lattar group aftar 
tvo <lays, indicating that data which was ralate to avants 
Micountarad bayond tha laaming situation could ha mora 
raadily accassad than apparantly irralavant infonution* It 
saaas raasonabla that in ordar for studants to ba abla to 
racall inforsation about scienca, thoy mist ba abla to saa 
its ralavanca to thair livas* 

Information procaesing thaorias hava suggastad that 
knowladga is organizad into structuras and catagorias of 
information with links batwaan ralatad concapts* Schama 
hava baan dascribad as ona modal dafining tha sans^ making 
procass* If naw information fits into axisting schemata, 
than this procass of assimilation can provide the learner 
with an efficient mechanism for making sense of data* 
Posner at al* (1982) hava argued that one of the reasons 
students can hava trouble accepting scientific explanations 
is that often scientific understandings are radically 
different froi> common sense understandings about events* 
Assimilation of information into existing schemata may not 
be appropriate for all laaming in science education* In 
the next subsection, some ideas about how students can 
accommodate inconsistent information are discussed* 
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AcecMMMKlatiQn of Inconalatut Tngoraatten 

In thm abovft disouuion, thm t«rm assiailation has baan 
synonymous with tns procsss of dsvsloping schsasta in irnhich 
nsv infonation is addad to Mcisting concaptual structuras. 
SoMtiaas, in bridging tha gap batvaan avaryday 
undarstanding and sciantifi'; undarstanding, concaptual 
structuras aust ba raplacad or raorganizad (Posnar at al., 
1982) . Tha tarn "accoaaodation" is usad to dafina tha 
radical rastructuring procass. A coaaon concam in scianca 
a^ucation rasaarch ralatas to tha rasistanca of studants* 
idaas to concaptual rastructuring. Anothar problaa ralatas 
to tha acknowladgaaant that rastructuring can as aasily aove 
a studants' undarstanding of avants away froa a sciantific 
viaw as toward it (Osboma at al., 1983; Chaapagna & 
Klopfar, 1984). 

Chaimmgna and Klopfar (1984) suggastad that infomation 
can ba poorly organizad both within schaaata and between 
schaaata. Studants can daaonstrata a confused understanding 
about avants. Chaapagna and Klcpfar have taraad such 
organizations of knowledge as "naive scheaata." Carey 
(1986) argued that new scheaata and new links between 
scheaata can ba built as new inforaation provides links 
between nodes of knowledge. Chaapagna and Klopfer (1984) 
pointed out that often students' naive scheaata relating to 
scientific principles reaain xinchallenged by contradictory 
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•xpMTlttncM and tharttfor* r«Miin Msistuit to oraating links 
batiMwi schouita. Drivar and Ball (1986) notad that, avan 
if attaapts ara aada to challanga etudants* naiva 
undarstandings, avants can ba intarpratad by atudants in 
various ways. 

Ona prcMdsing routa to incraasing otudants* critical 
assassaant of thair own undarstanding saaas to ba to 
ancouraga raflaction on consistancias end inconsistancias 
within thair own thinking. Childran ara of tan influancad by 
tha viaws of thair paars mora than by an instructor (Osboma 
at al., 1983). Tha valua of sharing idaas with ochars as 
part of childran 's sansa aaking axpariancas is discussad in 
tha naxt saction o£ tha litaratura raviaw. 

Raflacting on Inforaation to Shapa Undarstanding 
Anothar part of tha coaplax aixtura of ingradiants for 
constructing i.«<.«a and ra-constructing to aaka aora sansa 
saaas to ba a process of talking about idaas with othars and 
raflacting on ona's knowladga. Savaral rasaarchars, in 
particular Schdn (1988) , hava studied ways that axparts can 
raflact on thair axpariancas and how thay can usa the 
experience to gradually guide a novice toward a greater 
level of expertise. 

This section of tha literature review exaaines three 
features of Schdn 's (1988) work which are relevant to the 
current thesis — that talking about one's understanding leads 
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to vuliMrability and confusioHf that d«v«loping • n«v 
undMrstanding raquirss a transforaation of knovladgs, and 
that tailing, storias can act as a aataphor for transf oraing 
knowladga. Discussion of Sch6n*s vork laads into an 
•xaaination of tha work of Brunar and othars who ara 
conoarnad priaarily about construct iva laaming procassas 
for childran. 

Thraa points from Schdn*s (1988) work s««i to ba 
particularly ralavant to discussior within tha current 
thasis. First, in raflacting on ona*s vork, thara is 
vulnarability and confusion. Raflaction causas ona to 
raassass tha accaptsd solutions to problsas and to quastion 
inconsistancias. Duclcvorth (1986) pointad to two raasons 
paopla Bay rasist raflacting on their bsliafs and 
undarstandings. First, it is difficult to adait that ona 
doas not undarstand. Sacond, adults oftan assuas that 
aisundarstanding raprasants a parsonal waaknass. It takes 
courage to adait not knowing. Fortunately, children can ULe 
play as a passage to xinderstanding. The rol^ of play and 
language in learning are discussed later in the section. 

Schdn*s (1988) second point relevant to the current 
study is his notion that in order to becoae an expert, 
knowledge cannot siaply be transferred froa expert to novice 
but aust be transforaed. He suggested that '^reflective 
transforaation" involves a "process of aetaphor, carrying a 
faailiar experience over to a new context, transforaing in 
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^ that process both thm •xp«ri«nctt and thm nw situation^ 

(Sehdn, 1988, p. 25). Tha idMs to 1m consistant with 
inforaation procassing thaorias, suggasting that knovladge 
Mist b« raconstructad and nav linlcs aada batvaan achaaata in 
ordar to craata nav problaa aolutiona. 

In a aariaa of lactura notaa praaantad at Qu««n*> 
Univarsity, schbn (1984) arguad that atudanta of tan hava 
troubla following a taachar*s inatructiona bacausa thay have 
not had anough practical axparianca to aaka aanaa of what 
tha taachar wanta. Thia naad to hava touchad and 
axpariancad bafora and while receiving inatruction seems to 
be part of the procesa of creating a aetaphor that an 
individual can uae to "reflectively tranafora" inforaation. 
Schon^s claia supporta Bruner*8 (1983) view that play is 
essential to the aanaa aaking process. The concept of 
reflectively transforaing inforaation through the creation 
of aetaphors also supports ^'ygotsky's (1978) clain that 
language is che aain tool children use to internalize their 
under8tar*^lng about experiences. The role of lanc.uage and 
play in children sense aaking are discussed nore 
thoroughly below. 

A third point raised by Schon (1988) is the notion that 
reflections on observati ns are often embodied in a story. 
Storytelling, he suggested, provides a netaphor £or 
transforaing knowledge H laew situations. Storytelling, 

^ along with play, seea to be inportant tools used by children 
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in tt^ 9roc«ss of constructing knovladg^ about a situation « 
Brunar'a (1983, 1986) idaaa about tha rola of play and 
languaga in laaming ara discusaad balov* 

Raflactiona on Childrant« naa of lAnouaaa and Plav 

Brunai; (1986) bagan his thoughts about tha rola of 
languaga in tha davalopsant of idaas with rafaranca to 
vygotsl^'s (1978) viav that languaga is a way of sorting out 
one's thoughts, whilo thoughts provide a soda of organizing 
perception and action* Brunar (1976) argued that in order 
for a learner to acquire language and skills there sust be a 
support system within the child's learning environment* He 
suggested that Vygotsky's "Zone of Proximal Development" 
(ZPD) could explain tha process through which a more 
coiqpetent person coulci assist a less competent one to 
achieve new un<<erst2mding8* 

Bruner (1976) illustrated how a mother can gradually 
assist a child to learn new elements of language through a 
J>lend of two processes* She can provide the child with the 
language he cannot use at a particular stage of development 
and she can work with the child, allowing him to do things 
he could not do without her* Once the child has mastered 
one skill, the child's ZPD is shifted and the mother's 
expectations are increased* The learner develops as he 
responds to challenges set at increasing levels of mastery. 
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Another way of viawing thm interaction between tutor 
and pupil is a sodel of scaffolding. Greenfield (1984) 
defined five characteristics of the scaffold model. It 
provides su|qEK>rt, it functions as a tool, it extends the 
range of the worker, it allows the worker to acccaplish a 
task that would not otherwise he possible and it is used 
selectively to aid the worker irtien needed. Models 
explaining how the less competent becose More cospetent 
through social supports eiqphasised the fact that learning is 
influenced by the culture, language and beliefs of the 
learner's society. 

Whether children are learning language skills or 
whether they are learning about a wetland, there will be an 
interaction between their existing knowledge and their new 
sense experiences, vygotsky (1978) suggested that 
children's speech and language are the main tools for 
internalizing their sensual experiences. Children's use of 
language in Baking sense of experiences is extremely 
impoirtant in shaping their knowledge. Bruner (1976) stated 
that **the role of language. . .implies a view. ...about the 
symbolic environment and how one is presumed to operate 
within it'' (p. 142) . 

Symbolism in language can be expressed in a number of 
ways. Bruner (1983) discussed the interaction of play, 
language and thougit as a means of growing. Sutton (1980) 
argued that the language symbols used in science are often 
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thought of as fixed and detarminad. He suggaatad that 
aciancG atudanta should ba ancouragad to saa maaning as 
somathing which has to grow, ancouraging nataphorical 
connactions batvaan concapts. Tha idaa ralatas vail to 
schama thaorias e.nd tha currant thaoratical viav that 
knovladga is constructad by craating nav links batwaan 
thoughts but contradicts Havkin and ?aa*s (1987) assertion 
that scientific language is distinguishable b/ its lack of 
metaphors. In the next several paragraphs, the role of 
linguistic synbols and of play in the devclopnent of 
knowledge are discussed. The discussion begins with 
reference to Sch6n*s (1988) argument that stories carry 
ideas across barriers and provides a definition for 
"metaphor." Language as a cultural barrier is then 
discussed, followed by a discussion of how metaphors can be 
applied to science education as a tool for encouraging 
students to accept scientific principles. 

Within the analysis and aiscussion chapters of the 
current thesis, students* metaphors are often explored as 
linguistic symbols explaining the children's internalized 
understandings of concepts. Metaphors are often found in 
the student's stories and talk surrounding play. As Schon 
(1988) has noted, the term "metaphor" derives from a Greek 
term, "metapherein," meaning carry across. Beck (1978) 
argued that a metaphor illuminates parallel elements of 
concrete images in order to formulate more abstract 
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rtlationships b«tv##n r#l#vant mmtm of charactaristics. 
Purthanora, a mataphor is a maana ..irouc^:i which sensory 
axpariancas can ba organizad to fit varbal codas. Sinca 
verbal codas are limited by language, metaphorical images 
must also be tied to cultural uses of language (Lakoff & 
Johnson, 1980) . 

The role of language in defining cultural differences 
has been outlined by Pascale and Athos (1981) as a 
consideration for American businesses hoping to compete in 
Japanese markets. The Japanese language allows for the 
omission of verbs from sentences, which produces a great 
deal more ambiguity within statements than does the English 
language. The Japanese are trained to pay attention to the 
space around them, recognizing that the hollows left inside 
jars, or the holes in walls for windows and doors, help us 
by what is not there, to use what is there (Pascale & Athos, 
1981, pp. 142*143). It is relatively easy to recognize the 
linguistic cultural differences between Japan and North 
America. It may not be quite so easy to define the cultural 
differences between everyday perceptions and scientific 
perceptions of events. 

The cultural gap between common sense and scientific 
explanations for events has been discussed above. Bridges 
between the cultures have been consideied, such as learning 
to recognize and overcome critical barr.^ers (Hawkins, 1978). 
Lakoff and Johnson (1980) suggested that the acceptability 
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of scientific theories rests in part on how well the 
metaphors used to define the theory fit the students' own 
experiences, students' resistance to accepting scientific 
principles may in part be due to the effects of everyday 
culture on their language development. 

Snively (1987) has demonstrated that using 
children's everyday metaphors to describe features of the 
ocean environment can increase students' interest in and 
understanding of ecological relationships. Snively (1987) 
suggested that using metaphors in instruction can lead to 
whole systems of related concepts, students in her study 
used metaphors to construct meaning, one result, Snively 
suggested, was that students can learn to recognize that 
scientific meanings are flexible. Snively included in her 
paper part of a transcript in which students in a grade six 
classroom were using a spaceship metaphor to discuss the 
life supports of a sea urchin. The students' interest was 
maintained by the novel metaphor, and there was an element 
of play in their language. 

Play is an extremely iraportant element in the lives of 
children. Bruner (1983) argued that play serves a range of 
roles in students' construction of knowledge. Since it is 
considered to be fun, the consequences of error are lower in 
play than in tasks. Children can change the rules of their 
play as it progn^sses. Larkin and Rainard (1984) suggested 
that a good problem solving model sets rules for testing 
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parts of a problaa. T.f naw co^ponants ara addad to tha 
problam, naw rulaa may ba naadad. Similarly, in play, 
childran can add naw rulaa if thay ara raquirad. It would 
•aam that play providas an opportunity to taat problem 
solving Btratagiaa. 

Play is an activity moat of tan dona with other people. 
There ia, therefore, an interaction between different 
perceptions and understandings of tha same situation. 
Because play is non-threatening, it can be used as a place 
to test out concepts that are, in fact, beyond the child's 
current abilities. Children can test the limits of their 
own development through play. Ona laist and rather 
interesting observation made by Bruner (1983) about play was 
that when an adult involved a group of children in a high 
level intellectual activity, their play became richer and 
sore elaborated than when children played only on their own. 
Elements o2 play found in the students talk during the 
wetland study are discussed within the analysis chapters and 
in chapter 6. 

Qualitative Mathodoloav 
The fir.al aection of the literature review considers my 
choice of ti qualitative research study. Some considerations 
to be taken while doing a qualitative study are discussed. 
The section ends with discussion of some influences on the 
design of the curriculum for the wetland unit. 

r 

4i> 
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Thtt decision to conduct a qualitativa rasttarch study as 
q;>possd to a quantitativs study was bassd on a nusbsr of 
factors. Ths »ost ijq;>ortant considsrations vsrs rslatsd to 
ths psrspsctivs I vantsd to uss to sxaains ths problsm. 
Sines I vantsd to b« involvsd in a snort tsm tsaching unit 
and to sxamins students* undsrstanding within ths contaxt of 
ths \mit, it was clearly a contextual ly b&ssd study. 

Kilboum (1980b) discussed characteristics of an 
ethnographic paradigm for research in classrooas. lu an 
ethnographic study, the context in > ch events take place 
is important, including contextual features such as 
intentions and mot ivat ions of teachers and students. There 
is not a rigid distinction between the observer and the 
observed. In the current study, I acted as a participant- 
observer. Hy greatest personal goal in conducting the 
research and in later analyzing and discussing the data was 
to construct understanding about the dynenics of a teaching 
unit in a way I had not been able to achieve within my 
regular teaching. The decision to conduct a qualitative 
study was clear. 

Experts in the field of qualitative research (Bogdan & 
Biklen, 1982; Miles & Huberman, 1984; Mathison, 1988) agree 
that extensive field notes are essential to the success of 
qualitative research. Bogdan and Biklen (1982) recommended 
keeping notes of observations to provide portraits of the 
subjects, description of the setting and of the activities 
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obsMTVttd tyd not#s on th# bbs^rv^r'e own behaviour • They 
also raconandad writing raflactiona on tha analysis, on tha 
nathod, on conflicts ancountarad during tha stady, and on 
tha obsarvar*s fraaa of »ind« Tha raconandations may saaa 
trivial to a mora axpariancad rasaarchar, but thay ara worth 
mantioning hara bacausa thay guidad my notekaaping« My 
succass in collacting data as a participant-obsarvar will ba 
discussad within chaptar 6. 

Milas and Hubanaan (1984) arguad that qualitative 
rasearchars hava a sat of assumptions, decision rules and 
criteria for assessing data but that these remain mostly 
implicit. The researcher's decisions about how to reduce 
the data and to display it can present a different 
impression of the observed situation. 

How can different images be brought together to 
construct a plausible explanation about the phenomena being 
studied? Mathison (1988) suggested that triangulation can 
provide evidence to help the researcher make sense out of a 
confusing web of information. Triangulation can be of three 
types. For data triangulation, data can be collected over a 
period of time, for investigator triangulation, several 
observers can collect d&ta about the same situation and for 
methodological triangulation, multiple methods can be used 
for collecting data. 

One purpose for using triangulation in qualitative 
research is to increase the internal validity of the study. 
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Int^mal validity r^f^rs to th* •xt«nt to which observations 
are authantic raprasantations of aoaa reality (Goetz & 
LaCoapte, 1984) . External validity refers to how well the 
representations can be compared across groups. Due to their 
nature, qualitative research studies often have liaited 
external validity. 

Tr.riuGnces on the D««iyn of the Study 

Two types of influences on the current thesis are 
defined in thics part. The first are influences on my ideas 
about how to present curriculum during the unit. The second 
are science education research studies which influenced the 
design of the thesis. 

During the summer of 1989 David Hawkins presented a 
summer course at Queen's on science education. I attended 
several of the lectures and was struck by the number of 
opportunities he fo\ind to have us estimate the size and 
scale of things like soap bubbles, and leaves on trees. I 
felt that these problems about things I had always taken for 
granted could provide fascinating stimuli for the students I 
was working with at the time on the wetland study. I 
presented ti»3 studentv^i with problems similar to the ones 
that David Hawkins was presenting to his class but centred 
on the environment the students were studying. 

There is no good rationale for having added the 
problems. I acted as I would in any teaching situation with 
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Student* • Nhm a gr^at idaa coms to m, I want to test it 
out for sysalf as quickly as I can. I had a group of 
studants to work vith in July in ^ appropriata satting. 
Within tha cultura of taachars, nav idaas froM vorkshops ara 
oftan nut into practica as quickly aftar having axpariancad 
thaa as possibla. Thara has not alvays baan tiaa to raflact 
on tha Batarial bafora prasanting it to othars but studants* 
rasponsas to aatarials can ba considarad for many taachers 
an assantial stap in tha procass of assimilating nav 
information. 

Savaral rasaarch studias influancad the design of the 
thesis. There ara very few qualitative studies which have 
observed students and recorded their talk throughout a unit 
of study. Aguirre and Xuhn (1987) observed students 
throughout a one month study on nuclear energy but their 
primary concern was to analyse the teaching characteristics 
that can improve student learning. Bloom (in press) 
interviewed children as they examined earthworms. He used 
the unfamiliar situation to explore how children construct 
meaning but interviewed each student only once. The current 
study uses the relativel / unfamiliar situation of exploring 
r wetland to Incpiire how students make sense of unfamiliar 
concepts throughout an entire unit of study. 

A few studies in science education research have used a 
range of methods to coHect data but many have focussed on 
just one method. Aguirre and Kuhn (1987) weze able to 



50 



42 

unrnmum tbm succms of students' Isaming by incorporating a 
nuBbor of data collacting Mthods within tha obsarvad unit 
of study. Blooa (1990) usad savaral vathods to axaaina how 
studants construct aaaning. Ha dascribad tha valua of 
contajct Baps and of visual Mtaphors as aathods for 
ravaaling studants* understanding about tha world. In tha 
currant study, naithar of thasa aathods was usad but Blooa's 
(1990) analysis of how studants construct knowladga was 
influential in ay considarations of how to organize tha 
analysis in the current study. 

Two studies which used one method to collect data about 
students were influential in tha design of the wetland 
study. Snively (1983) used a metaphor interview to 
determine students' orientations towards the seashore. She 
asked students to complete statements such as "the lake it> 
like a..." with a choice of five metaphors.- Students' 
explanations for tk\e choice of metaphor ware analyzed to 
determine how the students felt about the seashore and what 
they understood about it. Snively (1983) used the metaphor 
interviews to design a tinit of study about the seashore 
incorporating metaphors selected by the students as a way of 
making strange concepts more familiar to the students. I 
used the metaphor interview technique near the end of the 
wetland xmit to see what would be revealed by the students 
when they were asked to respond to ideas that changed the 
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lak« ■•ttlng tram soMthlng tiuit had b«coM faaillar to thea 
to soMthing stranga. 

Gilbert, Watts and Oaborna (1985) usad a dlffarant type 
of Intarvlav taohnlqua frba Snlvaly (1983) . Using an 
Intarviaw-Abottt-Instancas (dsscribad abova), students were 
encouraged to explain their answers to questions about 
physical principles. Transcripts froa Interviews-About- 
Instances (IA2) were used to detemlTie how students' use of 
certain words affected their concepts about physical 
phenonena (Gilbert et al., 1982). 

Gilbert et al.'s (19C^) interview technique was not 
used directly in the current stud^ because it was felt that 
students* ideas about concepts being exasined in an 
environnent&l study could not l»e appropriately reduced to 
questions answerable with "yes" or "no." The lAI method did 
influence one part of the design of the current study. 
Within the initial interview and the final interview, 
students were shoim a series of pictures about wetlands and 
were asked to answer sisple questions about the pictures to 
determine what they understood about wetlands at the start 
of the \init and to sake coaparisons at the end of the unit. 

The literature review has outlined several theoretical 
perspectives that are considered to be isportant in 
developing a frasework for the current thesis. The next 
chapter describes the setting for the study, th^ selection 
of students, the curriculvoi and the data collecting methods. 
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CBAPTKR 3 

DEFINING THB DATA COLUBCTION AND ANALYSIS PROCEDURES 



QufeHtia of thm ChaptT 
This chapter consists of four sections. Ths first 
ssction d«scrll>«s ths sstting, ths sslsction of ths students 
and an outlina of tba daily program providad by aa as the 
instructor and rasaarchar. Tha second section describes all 
but one typa of data collected during the study. Since 
individual interviews provided a Xarge amount of the data 
used for the analysis, they have been discussed separately 
in the third section of xhm chapter. The fourth section 
descrxoes how the analytical framewoik for the thesis 
developed froa preliminary examination of the data. 
Characteristics of each student are described at the 
beginning of the next chapter, the first chapter of the data 
analysis. 

The most valuable data collected during the study is on 
audio tapes. Most of the students' comments recorded during 
the unit have been transcribed. Three tape recorders were 
used for recording large and small group sessions with the 
students. During the two week unit I provided the students 
with an increasing number of ideas about how to examine 
water samples but the main task — examining samples of water 
taken from a wetland area — remained the same. In addition 
to the group sessions, eacn student was interviewed three 
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tiMB as part of th« study. Tha intarviavs vara all 
raoordad. Othar aathoda used "^r collactlng data includad 
drawings and handouts craatad by instructor. 

Inatruetional Satti.ia 

Tha city in which tha study vf%» conductad has a suaaar 
ca^p program situatad on an island vithir tha c;ity liaits. 
Paraission to involva studants trrm tha suaoaar caaqp prograa 
was obtainad froa tha caap adaii\istrator basad cn approval 
of a rasaarch suaaary proposal (Appandix A) . Tha island 
uaad for tha ca^;> prograa lias naar Jia aouth of a wida 
river laading into Lake Ontario. Tha island is cut off froa 
tha aainland by a ra«.row band of stagnant water. Around the 
island are a variety of aarshy and swaxkpy chores. Tie aain 
caapsite was near a particularly accessible area of aarshy 
water, protected froa the rougher water of the river by a 
bay filled with reeds and l:^iy pads. It becaae the site for 
saapling throughout the two week caap. 

Within the first few days the students were able to 
find the last dragonfi^y nyipho of late spring and to collect 
young catfish. By the end of the second week of caap hot 
July teaperatures had increased the colifora count in the 
water to a level causing beach closure. 

The ccmp was open to children froa across the city. 
They caae froa areas with aany r . Jessional families and 
froa areas with single parent, suJosidi^ed housing. The caap 
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was organized into several two wsek sessions throughout the 
suner. The first session was the one used for the wetland 
study. 

The camp held a canoeing prograaae that allowed several 
of the students to observe the protected bay's waters from a 
different perspective. The researcher sade one canoe trip 
with three of the students. Several students referred to 
their observations aade while canoeing during interviews 
with ae. 

One camp activity in particular had a direct effect on 
the quality of student data produced. There was an 
overnight stay on the Wednesday of the second week. The 
students were excited and distracted on the Wednesday of the 
camp-out and exhausted on the Thursday following it. 
Wednesday was reserved as an individual interview day and 
Thursday was taken up by active games for half the time and 
only a twenty minute seuspling time to accommodate the 
students* lack of abili<cy to concentrate. The stv ;ents met 
as a group with the researcher for thirty to forty - ive 
minutes for nine days during the two week camp. 

Selection of Student^ 

The students in the wetland study were all between the 
ages of ten and eleven. An invitation to participate in the 
study was originally given to all camp participants betveen 
the ages of ten and twelve. A letter summarizing the 
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purpose of thm study and asking for penission was sent to 
all faMiliss^rsgistering thsir children in the ten to twelve 
year old group (Appendix B) • All children for whoa a 
signed permission form was returned were invited to be in 
the study. 

On the first day of camp the co\^ llors broke the ten 
to twelve year old group into two sections, divided by age. 
The children signed up for the wetland study were therefore 
divided between the two groups. Two of the children who 
were originally signed up for the study did not want to 
participate. Both of these children were in the section 
containing the older children. A ten year old girl not 
previously enrolled asked to be allowed to participate in 
the study. Nine children were interviewed individually on 
the first day. Five of these were fron the younger group, 
four from the older group. 

By the time the students met on the second day, a lot 
of group building had already occurred. All hut one of the 
children from the older group decided on the second day that 
they would rather not be in the study. The remaining group 
of six therefore consisted of five children from the younger 
group and one, Diane, from the older group. Once the group 
was established it consisted of three girls and three boys* 
The girls have been given pseudonyms beginning with the 
letter ^D^, while the boys have been given names beginning 
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with **S**. Thtt students ars referred to throughout the 
analysis as Stan, Scott, Steve, Diane, Denies and Dana. 

Effects of the Teacher as Researcher 

The group dynaaics were affected not only by the 
st:udents but also ^y me as the teacher and researcher. How 
they behaved and what they revealed depended to a great 
extent on what they thought I wanted to hear as a researcher 
and how comfortable they felt with my style as an 
instructor. 

As an instructor, I wanted to proviae a casual setting 
that would not be equated with a classroom unit of study. 
This seemed to be particularly important because the camp 
provided f^st paced gwes in which the children enjoyed 
participating. I felt for the first few days that my study 
had to be equally entertaining to maintain the interest of 
the children. By the fourth day the students in the group 
were willing to concentrate longer and more intensely 
examining water samples. 

I had available nature magazines and an assortment of 
illustrated texts about the environment but I specifically 
focussed the students* attention or« illustrations from only 
one nature magazine (Ontario Federation of Naturalists, 
1979). Although several students quickly flipped through 
the texts I had provided, they did not refer to them as a 
guide during their observations of samples. 
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Several typos of Magnificirs and sampla collacting tools 
such as eys droppsrs, bastsrs, patri dishas, insact nats, 
jars and buckats vara providad during tha sansion. Tha 
studants saasad to an joy axparimanting with tha aqulpmant. 
Each day a nav activity or a nav piaca of aquipaant was 
addad. Tha sassions, which vara aTl 30 to 45 ainutas long, 
vara sat up to bagin . ith a fiva Minuta ragrouping to 
discuss vhat had happanad tha pravious day, to present an 
overviav of tha day's events and to intx educe any nev 
activities. The grcup Meeting vas often folloved by a game. 
The remaining 20 to 30 minutes vas spent collecting, 
observing and talking about vatar samples in pairs or as a 
vhole group. I arbitrarily set the pairs each day because I 
vanted to see hov certain pairs of students vould interact. 
Sometimes they vorked together happily. Sometimes the tapes 
recorded 30 minutes of near silence. 

Features of the Currlcultim 

Incorporated into the daily activities were a nximber of 
experiments and games. Each of these activities vas 
included to stimulate students* thinking about several broad 
issues related ^o the vetland environment. An instructional 
activity vhich presents students vith concepts related to 
the unit of study but introducing concepts at a level beyond 
vhich they are presently able to grasp has been found to 
encourage students to think at a higher level (Joyce & Weil, 
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1986) • ^Advance organizer** is the ten used to define these 
teaching tools (Ausubel, Novak & Hanesian, 1978)* Ihe 
experiaents and games were used as instructir^^l tools 
rather than as data collecting tools* They *^e not 
specifically dealt with in the analysis although mention of 
some of the games and experiments is encountered in the 
students* talk* 

The greatest influences on the design of the curriculum 
were my own notes from previous teaching experiences and 
notes from lectures with David Hawkins at Queen's University 
in July, 1989* David Hawkins discussed at length the 
repercussions to all areas of science education when 
students cannot grasp fundamental principles of size and 
shape* In a wetland environment, students' inability to 
grasp concepts of size and shape can be reflected, for 
example, in their lack of concern about how organisms can 
survive in an aqueous environment* The games and 
experiments were planned to encourage students to think 
abstractly about the wetland as they examined concrete 
information and samples* 

Three types of games Wi^re played during the unit* Th^^ 
one that was used most often and was most popular with the 
students was a wetland version of the game **survival*" 
Students were selected to play either plants, animals, 
microbes, man or pollution. The students were given several 
pieces of paper to represent liv^s, with the number of lives 
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roughly reprM^nta^tiv^ of th^ nuBbar of Mch type of 
organini existing in the wetland environment. If they were 
caught, they had to give up a life. If they were caught by 
a Microbe, they exchanged lives, representing the principle 
of sysbiosis. Pollution was released late in the gane but 
was given power to destroy everything It touched. 

Out of the Survival game derived **Wetland Hide and 
Seek.*^ One of the students constantly eluded the others in 
the Survival gane. He offered to share with then the 
secrets of his success--»staying low, canouflaging hinself by 
careful hiding, and leaving shelter only after he had 
ensured there were no predators. After playing **Hetland 
Hide and Seek,** the students* perfomance in **Survival** 
improved. 

ine third game e'lphasized a concept related to size and 
shape. On the seventh day of the unit, pairs of students 
were handed scissors and a letter sized sheet of paper. 
They were asked to create a piece of paper that could make a 
circle encompassing two trees. The purpose of the r^me was 
to introduce the students to the concept that careful design 
can increase surface area without increasing volume. 

Three experiments are introduced to the students 
during the wetland unit. The first demonstrated different 
properties of air bubbles in a full and a half full jar, to 
illustrate how air becomes distributed in water « The second 
experiment gave students an opportunity to con -^r the 
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population density in th% marshy bay« During two individual 
intsrvimis tha students vara invitad to count tha nximbar of 
organisBs thay could saa in a 10»L vatar saiqpla and to than 
asti»ata \Jia nuabar of organisms in a IL sampla, which was 
tha amount of vatar usually collactad in tha sampling 
buckats* Thay vara than aslcad to axtrapolata, guessing the 
number of organisms that could live in the sheltered bay 
from vhich they collected samples « 

The third experiment was taken directly from a lecture 
with David Hawkins. As a way of observing that surface area 
can increase without changing volume^ one drop of green food 
dye was added to a IL jar of still water* Several students 
wanted to repeat the experiment, or to try modifications of 
it« Within the transcripts are several references to the 
experiment but they are not discussed in the analysis « 

Types of Data Collected 
One purpose of the study was to use a variety ol data 
collecting techniques in order to provide information about 
which strategies were most effective for generating data 
during a short, instructor led research study « Methods used 
for collecting data consisted of drawings, completion of 
teacher created handouts, field notes, audio tapes of all 
water sampling sessions, three tape recorded individual 
interviews with each student and transcripts. 



S3 

Sttv^ral Bethods nmrm nmrnd during tt i intsrvi^ws to 
obtain information from tha studants. First, studants vara 
shown picturas of vatlands and vatland spacias and askad to 
ansvar quastions about tha picturas. Tha picturas vara 
shown in tha first and in tha third intarviavs. 
Raproductions of tha picturas ara includad in Appandix C. 
In tha sacond intarv^iav, tha studants vara askad to coiaplata 
mataphorical statemants such as "'tha laXa is lika a...** from 
a salaction of f iva vords of farad to complata aach statamant 
(Appendix D) . In all thraa intarviavs tha studants vera 
askad to talk about thair understanding of tha vatland area 
by examining and talking about freshly collected and bottled 
vater samples. From the second to the sixth days, students 
vera encouraged to collect samples for bottling and 
observing later. 

All of the data collecting techniques are described 
belov. Information about the individual intervievs is 
discussed in the third section of the chapter. The value of 
each data collecting method as a tool for eliciting 
students* understanding vill be discussed in chapter 6, 
providing a basis for assessing the value of the data 
provided by each method. 

Dravinas 

A preliminary vetlands study involving six grade five 
students indicated that students^ ideas about a vetland can 
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h% succinctly disclosed by having thui depict life in a 
wetland through art. In tbe preliainary study » the students 
were given 20 Minutes to create a three colour drawing in a 
quiet classrooB. The preliminary study was conducted under 
different conditions from the current study. It will not be 
discussed within the current study. 

IX>ring the summer the students had to work outside on 
windy days using large hard covered boo)cs as their desks. 
In addition, the marshy bay lay behind them as they worked 
and they were anxious to finish their drawings so that they 
could get on with sampling the water. 

The students were asked to make six drawings throughout 
the wetland unit. On the first and on the ninth day the 
students were asked to explain life in a wetland using a 
combination of images and words. They were asked once more 
to depict life in a wetland at the beginning of the follow- 
up interview 4 weeks after the session was completed. The 
other three drawings could be of any organism they had 
observed on days 3, 6 and 9. 

Teacher Created Handouts 

In order to give the students an opportunity to express 
their ideas on paper, I created two handouts for them. The 
first was presented to them on the second day of the study 
while the other one was given on the third day. Since the 
students did not appear to be interested in writing and paid 
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littltt attention to th* handouts thsy trara not usad aftar 
tha third day. 

Tha first handout (Appandix £) askad studants to 
provida inforaation about thair parsonal intarasts. Thay 
vara also 9ivan spaca to dascriba ona naw thing they had 
laamad about tha caap anvironaant and to writa their ideas 
about tha bubble axpariaant dascribad above. 

Tha second handout (Appendix F) aslced students to drev 
a specimen after they had observed it carefully. They wero 
askad to focus on its movement and on its gross anatomy. 
Aftar dr«i«fing it, ^hay were asked to list three words 
describing the specimen. All of tha students drew a sample 
but none wrote descriptive words so on subsequent days, 
students were given blank paper to complete their drawings. 

Field Notes 

Prior to beginning the unit, I had created an ambitious 
curriculum outlining each day's activities and the data 
collecting methods I intended to use (Appendix G) . My field 
notes were used as both a teacher's diary and as a 
researcher's diary in the sense that they contained notes 
both about revisions of the curriculum and notes about the 
students as subjects. One day's notes are included as 
Appendix H to illustrate the types of field notes collected 
during the study. 
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On thm fourth day of th* ••••ion, u graduate student 
offttr^d to taktt fi^ld notMi in ord^r to practice h«r akixls 
as an obaarvcr for a coiir^a on quaiitativa rasaarch in 
•ducation. H^r notas ara includad in Appandix I, as a 
contract and comparison to my notas takan as a participant- 
obsarvar on tha saaa day (Appandix H) . Tha sacond obaarver 
providad an alaaant of invastigator triangulation to tha 
data. SiBilaritias and diffarancas batwaan tha paricipant- 
observer and tha obsarvar's notas ara discussad in chapter 
6. Tha discussion exasines vhethar or not fiald notes taken 
from a different perspective increased the internal validity 
of tha study. 

Tape Recordings 

Tape recorded sessions were felt to be an essential 
data collecting technique. Pirst of all, the data provided 
by tape recordings cannot be disputed since they record 
accurately what has been said. Second, tape recording 
allows the reseat uher to reflect on what has been said once 
all of the data has been collected. Third, tapes can be 
transcrib«)d, allowing the researcher to analyze students' 
talk. 

Fresh batteries were used in all of the tape recorders 
each day to avoid technical problems. It was expected that 
the students would feel uncomfortable and self-conscious 
about being recorded for the first few days. The tape 



racordsrs ver^ used as fr^quantly as possibla to allow the 
•tudants to bacoaa co»fortabl€ with thair prasanca« Al** 
individual aassions with atvdants vara also racorded. 
Procaduraa uaad during tha Intarviava ara discussed below. 

Individual Intarvtavs 

Several strategies were used during the interviews to 
draw infomation from the students « Each child had three 
individual interviews lasting from ten minutes to one hour. 
The length of the interview depended both on the number of 
questions being risked by the researcher and on the student's 
willingness to converse. The interviews tended to get 
longer as the students became more familiar with the 
researcher and were more willing to talk about their ideas 
and their observations. The first two interviews were 
conducted on the first and on the seventh days of the nine- 
day camp session. Each child was interviewed for a third 
time 4 weeks after the session had been completed. Two of 
the students were at the campsite for an extra session and 
were interviewed there. The remaining four students were 
interviewed at their homes. 

As part of one or more interviews, students were asked 
to answer questions relating to pictures about wetlands, 
they were asked to orally complete metaphorical statements 
such as **a lake is like a...** and they were asked a number 
of questions about freshly collected and bottled samples to 
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kMp th«i t iking about wat^r sampias thay vara axamining. 
Tha quastions Cu« d with aach intarviav. Thay vara usad 
to ancouraga tha studants to talk »ora about thair thoughts 
as thay playad vith tha vatar samplar • Each stratagy vill 
ba diacussad saparataly balov. 

Ouaattong baaad on Picturaa about Watlanda 

Aftar baing askad to dapict lifa in a vatland on tha 
firet day of the vet land unit, the students vere asked to 
look at several sets of pictures and to ansver questions 
about each. All of the photographs vera shovn from one 
magazine (Ontario Federation of Naturalists, 1979) » The 
first set of pictures v/ere presented as a collage, vith 
shots of a blue heron, a frog and marsh marigolds set to the 
side of a sunset photograph of a marsh. The students vere 
asked to comment on hov the four pictures could be related 
to one another. Students vere shovn the collage of 
photographs again at the beginning of the third interviev. 

The second set of pictures vere arranged to symbolize 
the caption above them, **Battle for Wetlands.** In the 
centre of the photograph vas a judge's gavel, separating l. 
toy bulldozer from a robin's nest on a branch. The title of 
the photograph vas hidden from the students while they were 
asked to comment on what they thought the image meant. The 
question was asked to determine the students* iiwareness of 
environmental issues. It was felt that knowing what the 



67 



59 

Students undarctood about tha loss of vatlands Might 
influanca thair undarstanding about vatlands ov thair 
approach ^o tha vatland study* Studants v:#ra only shown Ihe 
^Battla for Wetlands** photograph during tha first intarviev. 

Tha third sat of photographs was of four vatar 
organisms. Studants vara asXad quastions about the 
picturas, dapicting in turn a fishing spidar, a fairy 
shrimp, a backsvimmar and a vatar tigar. Fairy shrimp were 
prasant in tha bay at tha tima of tha initial intarviev. 
Although t'iera vara other reasons for asking questions about 
the four photographs, tha main purpose vas to ask the 
8t\:dents if they thought that fairy shrimp could live in the 
bay. I vantad to knov if th« students vould be surprised to 
discover that shrimp can live in fresh vater. 

There vara other purposes for asking the questions. 
The vater tiger and the backsvimmar vere both hanging just 
beneath the vater surface. I vanted to knov if any of the 
students had observed vater organisms hanging from the 
surface of vatctr. If they had, it vould indicate first that 
they had spent some time previously examining vater 
organisms and second that they v&re villing to see that tiny 
organisms can cling to the surface of vater without breaking 
it. Such an understanding vould contradict most children's 
experience vith vater, that it is a substance incapable^ of 
supporting veight. 
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Tho students were asked if they thought the fishing 
spider could catch fish. The reason for the question was to 
detemine if the students would agree that a tiny organism 
was likely to catch and eat a wich larger one, and how the 
students would atake sense of the spider's naae. There were 
claes to its name in the photograph. Its long probiscus was 
silhouetted against a reed. During the third interview the 
students were again shorn the photographs of the water 
organisms, but at that point were only asked to comment on 
whether or not they had seen any of them. 

Creating a Metapho r about the Lake 

Since the wetland study was intended to be a study by a 
teacher of a group of students in as natural a learning 
setting as possible, it was felt that enormous amounts of 
data could be collected and be exceedingly difficult to 
analyze. Snively (1983) had developed a series of questions 
grouped to create a "metaphor interview" to ascertain 
students* beliefs about and orientations toward the ea. By 
giving grade six students a choice of metaphors to describe 
tl;e sea and its attributes, Snively suggested that it was 
possible to interpret children's understanding about the 
ocean. It was felt that a modified, shortened version of 
Snively 's (1983) metaphor interview might provide clues in 
the current study to students' understandings about the lake 
to which the marshy bay was attached. During the second 



61 

interview, ten questions ve^e asked of e*ch student using 
the s ified metaphor interview (Appendix D) . 

Each student was asked the question ^'a lake is li' ) 
a...** four times. Each time, they were given a choice of 
five different words to complete the sentence* Aftf chey 
had made each choice they were asked to explain the 
selection. The next three questions asked the students to 
compare the sun, lake water and mud each to one of five 
possible metaphors. All possible choices are listed in 
Appendix D. The last three qpiestions asked the students to 
complete the phrase ''I am to the lake as...** One set of 
possible stateiaents to complete the sentence was "I am to 
the lake as.... the lock is to a necklace; or a bead is to a 
necklace; or string is to a necklace. Students* talk about 
their choices was recorded and examined as part of the 
interview transcript. 

Questions about Wa ter Samples 

Since the main task presented to the students during 
the wetland unit was to examine water samples, a large part 
of each interview was devoted to examination and discussion 
about samples. In order to encourage student talk about the 
samples, a number of questions were presented to them during 
each interview. 

During the initial interview, students were simply 
asked to look at a sample of water collected in a shallow 
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bucket. Water sampling tools were always available to the 
students, including buckets, basters, jars, sampling dishes 
and a magnifying glass. After they had had several 
opportunities to examine water samples and to collect and 
bottle samples, students were asked on the seventh day of 
the session to examine samples during a second individual 
interview. 

Three main questions were asked of the students as they 
wer<^ examining the water samples during the second 
interview. First, they were asked to comment on anything 
they f oiuid in the water rampie that was new to them or 
seemed unusual. A number of questions about their 
observations arose from student comments. The questions 
related to topics such as how the child thought tiny water 
organisms might eat, how they could move, how long they 
might live and how they could survive in the well populated 
bay. Second, each student was asked to examine one bottled 
sample and to comment on how it was changing and what might 
be living in the specimen jar. The final question asked of 
all the students required them to extrapolate from the 
sample they were examining by estimating the number of 
organisms collected in a sma21 sampling jar and from that to 
guess the number of organisms that they thought could be 
living in the marshy bay. 

Throughout the unit the students talked about 
•^pollution^ in the water. I wanted to know more about what 



71 



63 

the students understood about water pollution. During the 
final interview when they were examining a water sample I 
asked them first to comment on anything that was new or 
unusual to them in the sample, then ^sked them whether they 
though w there was pollution in the water they were sampling. 

asked them to talk about pollution in the lake. Again, 
(^aestions about the samples stemmed from the students* talk 
about the saunples. They were all asked to comment again on 
bottled samples and to Foecuiate on the number of organisms 
that could live in the marshy bay that they had been 
observing. The three main questions were the same in the 
second and third interviews in order to allow comparisons 
between the students' answers. 

In total, five methods — drawings, handouts, field 
notes, tapes and transcriptions from tapes, and individual 
interviews — were used to collect d^ta during the wetland 
study. Several patterns of students* understanding emerged 
during the session. These are described and discussed in 
chapter 4, which analyzes students* understandings about 
wetlands based on categories of ideas. How the analysis 
developed is described below. 

pevelopment of the Analysis 
Prior to collecting the data, several suggestions about 
how to analyze it had been discussed with my supervisor, 
members of my thesis committee and other interested graduate 
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stndants* Only after the tape recordings had been 
transcribed did it become clear tliat there were patterns of 
thoughts emerging from the data that could be used to 
discuss students* ideas about the wetland* 

In order to clarify what patteras were emerging, I 
began by linking students* ideas that seemed to express 
similar ideas, then I began listing several possible 
categories of ideas* As I shared these ideas with others, 
the framework for the analysis became progressively clearer. 
Four main types of ideas seemed to be expressed— strongly 
held ideas, ideas changed readily by observation, developing 
ideas, and confusing or contradiccory ideas c These 
categories of ideas illustrate features of schema theory. 

Schema theory suggests that students can have clear 
links between pieces of knowledge held mentally in schemata 
(Champagne & Klopfer, 1984; Carey, 1986) • S ^ral 
researchers (Vygotsky, 1978; Ausubel.. Novak & Hanesian, 
1378; Osborne & Wittrock, 1993) have suggested that students 
draw on their existing knowledge and on language to help 
them make sense of new information* If students* ideas are 
not clearly developed or linked to ether ideas in a stable 
network of knowledge, then it may be difficult for them to 
recall pertinent knowledge for sorting new thoughts 
(Champagne L Klopfer, 1984) . 

At: the data analysis was emerging for the current 
study, it became clear that some ideas were agreed upon by 
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all the students, such as that there was pollution in the 
water. These were termed **etrongly held ideas The 
category of "developing ideas** illustrates that there are 
levelB of knowing about the wetland environment. This 
category reveals that students with greater experience 
related to a situation can recall knowledge and make sense 
of new information more readily than can students with less 
related experience. **Ideas changed readily by observation** 
refers to a few ideas that changed when students could see 
that their ideas were not supported by evidence in the 
wetland environment. The final category, termed 
** contradictory :.;id confusing ideas** provides some of the 
most interesting evidence to suggest that students do net 
always link knowledge in ways that are expected by an 
instructor. The categories are discussed and developed with 
examples from the transcripts, forming the framework for 
chapter 4. 

A second level of analysis emerged from work on 
categorizing stuaeiics* ideas* As the students worked, it 
became clear that they played with materials a lot and that 
as they talked about their ideas, they were working out 
their understanding. Their understandings about the wetland 
environment differed from one another. Dana and Stan 
provided the greatest contrast between students in the 
group. The contrast, based on an examination of the 
transcripts, is developed as an examination of two different 
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problea aolving approaches. Transcripts from Dana's talk 
were %nritten on a large sheet of paper to help me sake sense 
what she was saying. I created a code to help %b see how 
she was using language to help her make sense of her 

thoughts and how sh^ was recalling ideas from one session to 
the next* The second level of analysis emerged as a 
comparison of how one student used the features of 
scientific investigation — hypothesizing, comparing, 
observing — while another student used metaphors and stories 
to make sense of the environment* The second level of the 
analysis creates the framework for chapter 5* 

Chapter 6 summarizes the study, discusses the findings 
and assesses the value of each of the data collecting 
methods as a means of encouraging students to reveal their 
understanding about the wetland environment* 
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CHAPTER 4 
PATTERNS OF STDDEMTS* IDEAS 

Factorg Aff ecstinp Studantg' Undarstandlnci 
The first level of the analysis outlines four 
categories of ideas based on students* talk aJ^out concepts 
related to wetlands. "Strongly heVd ideas" refers to ideas 
generally agreed upon h\ all of the students. "Developing 
ideas" refers to concepts that seened to be related to the 
students' previous experience exploring wetlands. "Ideas 
altered by observation" refers to ideas that seemed to 
change readily when evidence challenged students' beliefs. 
A fourth category of ideas examines students' contradictory 
or confusing statements relating to wetlands. 

The four categories of ideas are used to explore what 
factors affect students' understanding. They are discussed 
in chapter 4 after an introduction to each students' 
character. The students are introduced individually but the 
introductions are organized to highlight pairs of students. 
Three pairs seemed to develop within the group. The 
students did not begin to be thought of as distinct pairs by 
me, however, until a plan for the analysis had developed 
after completion of the wetland unit. Scott and Stan had 
the greatest amount of prior experience? exploring marshes 
and they often had ideas about the wetland not expressed by 
the other students. Diane and Steve both seemed to have a 
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lot Of general knowledge that they were able to apply to the 
unfamiliar experience of exploring a wetland • Dana and 
Denise seemed to have less general knowledge than Diane or 
Steve that they were able to apply to their explorations of 
a wetland. 

Throughout the analysis, there are clues in the 
students* talk about how they made sense of unfamiliar 
material and how they solved problems. This information 
will not be dealt with in the current chapter but will form 
the basis for the second chapter of the analysis, chapter 5. 
Dana revealed a great deal of information to me during 
individual interviews. Dana'ii revelations about her 
understanding of the wetland were particularly interesting 
because at one level they often seemed to be confusing and 
often contradictory while at another level, there seemed to 
be a logical sense making process. In chapter 5, Dana's 
sense making activities will be discussed and compared with 
Stan's responses. Comparisons and contrasts between Stan 
and Dana suggest interesting similarities and differences in 
the approaches to problem solving used by two students 
examining the same environment from different perspectives. 

Characteristics of the Students 
The students are introduced individually but their 
profiles have been arranged in pairs. Stan and Scott are 
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introduced first, th^n Diana and Steve, ending vi\:h Denise 
and Dana. 

Stan clearly had previous knowledge about wetlands and 
had a vocabulary appropriate for discussing his knowledge. 
Re was seen by the other students to be an invaluable 
resource. He offered guid«ince to Scott and als to Steve. 
When he was working with either of the other boys Stan 
revealed his knowledge about wetlands very clearly. He was 
never partnered with Denise or Diane, but when he worked 
with Dana, neither one spoke for 20 ninutes. Stan did not 
seem to enjoy the individual interviews and spoke very 
little Ov ing ti^em. 

Scott was a quiet boy who had a great deal of practical 
experience In observing water samples and water organisms 
based on his explorations of marshy waters near his family's 
cottage. He spoke much less than Stan and did not seem to 
have developed a vocaibulary to describe his observations. He 
enjoyed collecting samples and spent much of his time 
finding interesting specimens. He was not as enthusiastic 
about examining the seunples he had collected. His answers 
to questions were often terse but clear. Scott s'.emed to be 
willing to take orders from the other boys in the group, to 
collect samples for them, or to engage in tasks other than 
examining and talking about samp] .s. 

Diane was involved with the other children in the 
wetland group only during the 30 to 45 minute sessions they 
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spent together with me each day. Diane was a tidy, co- 
operative girl who enjoyed playing games designed for the 
wetland unit. She did not seem to enjoy collecting samples 
from the water and often did not spend much time examining 
the samples that had been collected. Diane expressed great 
concern about the welfare of the samples and seemed to 
relate personally to some organisms. She followed 
instructions clearly and completed tasks to the extent that 
she thought was expected, as indicated by a coisuaent to Steve 
after concentrating for fifteen minutes on examining and 
talking about a water sample, "would you say we* re 
finished?" She worked with a partner, especially when she 
was working with Steve. Neither of them enjoyed touching 
the samples, which may in part explain their camaraderie. 

Steve was a small, neat and articulate boy. He was 
quick to o'^fer coiunents and to get involved in the 
activities presented. Ke often gave orders to other members 
of the group, particularly to Scott. Steve seemed to be 
aware of the impression he was making on tape, and seemed to 
be trying to meet adult expectations » He often began 
inteinriews wit^i me using polite, literate statements. On 
day six, he began a tape with "okay, now we're going to be 
looking at some, urn, some water samples, of... Stan is going 
to, g«st a sample." Once he became engaged in an activity, 
forgetting the tape recorders and the adult, Steve would 
eliminate the commentary. He seemed to move off task 
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frequently, becoming more interested in the equipment 
provided for sampling than in examining the water samples 
themselves* 

Denise vas not originally signed up for the study but 
she vas adamant on the first day that she would like to be 
in the group* Her interest in studying wetlands seemed to 
spring from a recently completed school project studying 
daphnia* She was eager and always volunteered to help out. 
She seemed much younger than Diane or Steve and less 
knowledgeable than Scott or Stan. For the first few days, 
she stayed very close to me. After that, she spent as much 
of her time with Diane and as little time with Dana as 
possible* Denise often talked about the "work** to be 
completed, suggesting that she interpreted the tasks 
presented as obligations to be completed by the students. 

Dana stood out physically from the other members of the 
group. She had an awkward gait and spindly legs which 
prevented her from moving as agilely as most ten year olds. 
I suspected that she had cerebral palsy, which was later 
confirmed. She was clumsy, which led to several sarcastic 
comments from Denise. The most striking feature about Dana 
was her difficulty in speaking concisely and directly- She 
would often talk around an idea, using a lot of ••like" and 
••um^s. By the time she finally arrived at the core of the 
idea, she had often lost the listener or her train of 
thought* In spite of the difficulty, when she felt 
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acc^ptanctt, she talked fraaly. Har undaratanding aoout the 
world began to be revealed through the tapes and provided a 
particularly interesting exaiqple of how one child pulled 
together her ie^^as about concepts over a 6 week period, from 
the beginning oi. the wetland unit to the end of the follow- 
up interview. 

categories of Student Id^as 
During the two-week wetland unit and follow-up 
interviews, several concepts were discussed by the students* 
Some of the ideas which were discussed arose because of 
questions presented by the interviewer. Other ideas were 
brought up by the children. 

The is^ue most often introduced by the students 
involved their thoughts about pollution in the water. 
Although it became clear that the students had strong views 
about the presence of pollution it became equally clear that 
their understandings about it «#ere inconsistent. As an 
example, although nearly all of the students equated a mid- 
siunmer beach closure with pollution, suggestions of the type 
of pollution causing beach closure ranged from specks of 
dirt in the water, through garbage floating on the water, to 
sewage dumping. Many students ised the term "pollution" in 
contradictory ways, indicating that although they felt 
certain that they understood the terni pollution, they did 
not have a clear image of it. 
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Oth^r typ#0 of understandings about concepts began to 
emerge during the unit. Students* talk revealing their 
perceptions about life in a wetland has >een arranged into 
four categories of knowledge. Students* understandings have 
been classified as strongly held ideas, developing ideas, 
ideas altered by observation and contradictory or confusing 
ideas. 

**Strongly held ideas** refer to concepts which are 
discussed by all students in the study in similar ways and 
were felt to represent a coraion understanding. Developing 
ideas refers to cc epts which stimulated a range of student 
responses that seemed to be related to the amount of 
practical experience and general knowledge they were able to 
dr&w upon in discussing their observations. Ideas altered 
by observation refers to concepts that were easily changed 
in the face of conflicting evidence. 

Confusing or contradictory ideas involve a number of 
subcategories. Contradictory ideas refer to ideas that are 
discussed by the students with confidence but in 
contradictory ways on different occasions, such as i "^eas 
about pollution. Confusing ideas are perceptions held by 
one student that arc^ unusual and unique understandings heJd 
by one student. Some confusing ideas seem to be independent 
of other ideas expn^ssed by the student. Others contain 
elements of previously expressed ideas but contradict or 
confuse earlier ideas. 
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Some concepts are difficult to assign to one category 
only. Every student held strongly to the idea that water 
pollution is a major problem but they contradicted 
themselves and each other over subtler aspects of the 
problem, such as what causes pollution and what effects it 
has on the wetland environment • Childrens' understandings 
about pollution are therefore discussed in more than one 
category. 

strongly Held Ideas 
Two strongly held ideas are discussed below. The first 
relates to students* understanding that all organisms must 
eat. The second relates to students* understanding that 
water pollution is present in wetlands. 

Organisms Must Eat 

The question *what do you think this organism might 
eat?^ was often asked by the researcher. The answers ranged 
from **tiny fish,** offered by Denise and Dana, to **microbes," 
as suggested by Stan as the food source for fairy shrimp. 
Scott and Stan on separate occasions suggested that in order 
to determine what organisms eat, they could be observed over 
a period of time, adding different possible food sources 
until one or more was consumed. Based on his observations, 
Stan suggested during the second interview that one scud 
that appeared to be piggybacking another might in fact be 
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using it as a source of food. He did not watch the pair for 
long enough to confim or reject his hypothesis. 

Steve suggested, when he was forced during the second 
interview to choose froM one of five words to complete the 
metaphor **the lake is like a...,^ that the lake is like a 
factory because **the water produces a lot of stuff that we 
eat, drink and use and the same for fish. like it makes 
their food for them and stuff like that" (Appendix D) . 
Steve agreed with the other students that living organisms 
must eat. 

There seemed to some question 2d>out whether very 
tiny organisms needed to eat. During her second interview ^ 
Denise said she didn't think f^atworms '*need to eat 
anything," but also suggested that they "might be food for 
other things." During the follow-up interview, Diane stated 
that tiny organisms don't eat, they "just drink water." 
Both Diane and Denise seemed to feel that large organisms 
must cat, but were imsure about tiny ones. Denise seemed to 
change her mind in the follow-up interview^ suggesting that 
tiny organisisiis e ch as fairy shrimp and water mites "might 
eat each other, and maybe pieces of ducKweed." Diane did 
not offer any change of view. Dana suggested that tiny 
organisms eat ^^itsy bitsy pieces of seaweed." 

During the follow-up interview, Scott suggested that 
all organisms eat food smaller than themselves. He also 
suggested tha^ changes in the balance of organisms observed 
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in the ecosysttti Bight be due to certain species chasing 
others for food and forcing thSM out of the area being 
exasiaied. Steve agreed with Scott. When asked why catfish 
could no longer be found in the bay, he suggested: 

Maybe some of the bigger anisals are coming along and 
eating the catfish and then che vhole thing changes 
around* There ends up being more catfish food, the 
catfish are dead and th<^re are more of the things that 
eat the catfish, so that's just one small change. 
Both Steve and Scott had developed some concept of food 
chains which they applied to their understanding of 
ecosystems • 

The idea that all organisms must eat to rur five seemed 
to be widely accepted by the students, with some questions 
about whether or not very tiny organisms eat at all* 

Pollution Exists in Wetlands 

The term *°pollution^ arose many times during the 
wetland \mit with reference to a wide range of 
circuitstances. There seex^ to be little doubt in the 
students* minds t!iat pollution was present in the wetland. 
An outline of situations in which discussions involved 
perceptions about pollution indicates the wide r^nge of 
understandings studenx;s held regarding the concept of 
pollution. Steve and Deni.ie suggested during the initial 
interview that they could see pollution in the water. Steve 
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said **the water's quita polluted. You can t«ll because it*s 
very coloured.*' Denlse suggested that all the **dirt right 
underneath all the little creatures** indicated that the 
water was polluted. 

Students* i. tions about water pollution arose three 
times during group discu&sions. The circujistances which 
stimulated diccussions about pollution in the water were 
dissimilar. The first incident occurred on th'^ second day 
of the unit while the students were testing the pH of the 
water in the bay. Stan suggested because the w.nter in the 
bay had a neutral pH it was therefore clesm. He wondered 
**what would hap^jn if you took a sample around Toronto** and 
suggested **you'd probably get a three or something.** 

The second mention of pollution occurred on the fourth 
day during a canoe trip when an oily patch was spotted on 
the water. When asked what }>e thought it might be, Scott 
replied **pcllution** with no further comment. The third 
discussion occurred on the sixth day of the study when 
samples of water were found to contain concentrations of | 
f latworms far greater than had been present on previous 
days. When Scott and Stan were asked to suggest a reasoii 
for the increase in flatworm concentration, Stan suggested 
that *'the water *8 probably polluted,** to which Scott 
responded **it*s very, very polluted maybe.** 

After the summer ca^p*s svimming arc^a had been closed 
for four we^ks, students were asked during the follow-up 
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interview to explain what they thought caused the beach 
closure. All of the students except Scott connected changes 
in the lake to pollution. When Diane was asked whether tiie 
water was polluted, she said ''yes, because My sister didn't 
go swiming last session. • .they weren't allowed to go 
swifiuaing." When the researcher confirmed that that meant 
the water was polluted, Diane replied "yeah, but now it's 
not," because the children were allowed to swim again. 
Denise agreed, saying th^t the swixaming area was closed by 
"garbage. . .like cans and smoke" and was later reopened 
because "the pollution's gone." 

Dar.a also attributed the beach closure to pollution. 
When asked what she meant by v^llution, she said: 

People throwing, um, stones into t:he water and people, 
uh, and people throwing, like, um, grass into It. Like 
that and junk food into it, like junk, like throwing 
old junk and all that and... if it gets too much it can 
die. Like the water can, you know, lihe die. 
Dana's corunents are discussed more thoroughly within the 
section "Contradictory and Confusing Ideas." 

Stan was most con'^ ^med about pollution in the lake 
created by "factories spewing out wastes" and by the dumping 
of sewage into the lake. Steve maintained the belief that 
he coulc seo pollution in the water. When he was examining 
a water sample during the follow-up interview he said: 
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It<8 hard to see [pollution]. Lik^ this little, these 
little dots in the water, so&e of it sight be 
pollution. It's hard to tell which is pollution and 
which is not because there's so aany organisms in the 
water. 

Steve's conents will be discussed further in the section 
"Contradictory and Confusing Ideas." 

It has become clear through the above discussion that 
even strongly held ideas are perceived in different ways by 
the students. Students' prior knowledge and experience seem 
to affect their understandinvj of concepts. The following 
section illustrates how several ideas seemed to ce 
understood in different ways depending on students' 
background knowledge. 

Developing Ideas 
Hons of the student's individual ideas changed 
radically during the course of Uie study. "Developing 
Ideas" provides comparisons between the six students 
involved in the study, examining how their different 
experiences, backgrounds and approaches to the problem 
affected their responses. Two general ideas will be 
discussed in the current section. First, wetlands need to 
be protected from development. Second, students make 
observations about wetland organisms based on their past 
experience. Novice observers tended to focus on few 
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features of their sanplee while aore experienced obsc vers 
tended to expand their observations to look at the 
enviroraient surrounding their discoveries. Students « use of 
language is an important clue to their level of experienc 
and knowledge about wetland organisms. 

Studanta' Understanding about gnv^ ronaental Protection 

Students verc asked on the first day to share their 
understanding about environmental battles. During the 
initial interview, each child was presented with the picture 
entitled "Battle for Wetlands," presenting an image of a 
gavel between a toy bulldozer and a bird's nest with eggs. 
They were asked to explain the significance of the picture. 
The explanations illustrate a range of perceptions about the 
meaning of the symbols. Scott succinctly suggested that the 
picture represented "don't ruin nature" while s>tan suggested 
that: 

It'd probably be, the decision, whether — this signifies 
construction, this is, the decision between whether to 
let ccnstruction go ahead and ruin habitat, or not to 
let it go ahead and save h2Ut>itat. 

Steve connected the symbols with some input from the 

interviewer: 

The bulldozer represents dekolition and stuff... and 
that's a judge's hammer and I guess that represents the 
law and stuff like that, the laws and the prophets. 
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SvUff lilctt that, and th^ bird's nest, and the leaves 

and the eggs represent nature and reproducing and going 

on and on***they*re all a part of life* 
After he had been encouraged to explain why the gavel was 
between the bulldozer and nest Steve suggested that "the 
judges never* •» they let this do sose demolition and let a 
lot of this stay." Denise explained that "there's forests 
getting %rrecked [by] bulldozers and that, people, 
govenments" and that the gavel "represents court" and that 
the nest "represents nature". She was not sure why the 
court would be between the other two* 

Diane and Dana had slightly different perceptions of 
the sysibols* Diane explained that the bulldozer was to 
"bulldoze down the trees and stuff* • .to build a bu: uing 
there," said only of the nest and hammer that they 
"represent the products of nature*" Dana struggled to 
explain what each of the items would be used for, but could 
not think of any connections between the pictures. She 
suggested that the bulldozer was to "build new buildings or 
something?" and that the gavel was to "ham]i.er nails into 
something ?" She seemed very txnsure of her responses, 
ending each as a quest ic^* Of the third image she responded 
"I would say the eggs, t!'.ey hatch to become, birds and all 
that," and later said "the nest is made by scraping sticks 
and all that." 
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Out Of curiosity, I presented Dana with tha pictura 
again in the final interviav. Sha had developed stronger 
categories for linking the synbols, saying '*a hauner would 
be related to [the bulldozer] because they're like tools and 
all that" and ''the grast. and all that would be related to 
the eggs." She developed a link between all three pictures, 
saying that: 

They're all working stuff 'cause a bird lays eggs, that 

[the gavel], bangs and all that and that [the 

bulldozer] pushes dirt and all that* 
After five minutes examining the picture, Dana finally said 
"I don't get it because, you know, I still don't get it." 

The students' responses to "Battle for Wetlands" 
illustrate a range of understanding about the image being 
presented* Stan and Scott most clearly expressed their 
perception of the entire picture, while Steve and Denise 
confidently explained the symbolism of the three parts of 
the picture separately* Diane and Dana had different 
perceptions of the three symbols* On a second presentation 
of the picture to Dana, she expressed a system of 
classifying concepts that had not been previously used, 
revealing neu information about her sense making process. 
The students' understanding of the "Battle for Wetlands" 
picture seems to be indicative of their experience with and 
knowledge about wetlands « 
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Nov1g# to Expert QbaervatloM of Organlgms 

From the first day it became clear that some of the 
students were more familiar with wetlands and had a larger 
vocabulary for discussing their observations than did other 
students in the group. The students were given opportunities 
to work in various sized groups and indi^'ldually during 
interviews to examine water saiqples. Data provided by the 
students seemed to support the notion that students' ideas 
progress through stages of development. The next subsection, 
describing students' perceptions about buoyancy, supports 
the argument that students' understandings become clearer as 
their experience and knowledge increase. 

Of all the students in the group Stnn and Sco^t had the 
greatest amount of prior experience and interest in 
wetlands. They both had had access to marshy waters near 
their homes. One of the most striking features of both 
boys, in comparison to the other students, was that from the 
first day of the unit, they talked about features of the 
environment in which they hac found their seimples. Stan 
often offered clear, scientific explanations f^r his 
actions, such as the following comment offered on the second 
day: 

I took a Sc^mple from the bottom which was where the 
catfish were and so this is just a sample of the 
habitat where the catfish were swim, living in... that's 
the hdbita . they were in, we found them in anyway. 
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The inage of "Stan is a scientist" is explored aore 
thoroughly below and in the next chapter. 

Scott offered fewer cements about his actions than did 
Stan and he frequently went off alone to collect specinens. 
He often supplied the group with interesting saaples and 
offered plausible explanations for his discoveriva. On the 
second day, for example, when Scott found a gelatinous mound 
containing tiny oval bumps, he suggested that it might 
contain catfish eggs since he had found it in an area dense 
with the fish. 

Stan was concerned about nomenclature and the naming of 
samples. He liked to be precise about classifications. On 
the third day of the study two types of fish were discovered 
by Scott and Stan. Scott said "we have a baby something" to 
which Stan replied "I thinX that it's called a gar pike" 
then changed his mind, saying, "oh yeah. I know what that 
is now. It's a grass picker." He referred to it later ?»s a 
"baby gar pike" and later spoke to it, saying "you're a nice 
little grass pickerel, aren't you?" Although he seemed to 
be ambivalent about the species name, he did feel it was 
important to classify it as something more than just a fish. 

There are many other examples that illustrate Stan's 
abil .-y to draw upon prior knowledge, to examine his 
environment for clues and to apply his knowledge to his 
exaaination of samples. While Stan was examining a water 
sample during his second interview, he said: 



D3 



35 

This sort of s^nm to h\.^m a lot of stuff fron on land 
in it, in tliis watS7...I*a trying to find out about 
this. Thers appears to bs a littls pises of detritus. 
It looks liks it could be fron a tree. 
Stan's prior experiences seeacd to have provided hin with 
stratcigies for assessing aiul discussing proble>s clearly. 

Steve had had little prior exposure to wetlands and he 
confessed during the second interview that he really didn't 
like to handle "all this stuff." Diane reacted in a similar 
way, saying on the sixth day, "oh look, there's a worm. 
It's really horrible. . .see, ew, sick." In spite of their 
disgust both Diane and Steve were willing to examine samples 
and to comment on their discoveries throughout tt:e unit. 

Superfi ially, Steve seemed to be fairly knowledgeable 
and verbally adept. When hn was working with the microscope 
on the second day, he said, "[I've] qot to check that out 
under the microscope if I can get it. Oh, I'm going to 
sample something here." Ho was unconcerned about the 
classification of specimens, using such generic terms as 
"little fish" and "stuff" when referring to objects he was 
observing. He seldom spent time following through an 
examination and he often used sophisticated vocabulary in a 
nonsensical way which indicated that he was aware of 
scientific terms but not of their appropriate use. 

.le he was examining se«d pods during his second 
intei..xew, Steve began wondering alov 1 what they were. When 
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looked at in thm water they app^^red to be fuzzy, yet they 
were slippery ico touch. When Steve was asked what he 
thought they were, he replied: 

I guess it*s just little speciaens, or articles, that 
have been put together over the years and years and 
years. 

On the second day, when he was examining a water saxple 

collected by Scott, he said: 

Yeah, it looks like dirt and you can see soaie of it 
floating around in the water and stuff. You can see a 
bit of the wator particles too. It*s oretty 
interesting. 60 to, to get another catfish, Scott. 
Steve seemed to be aore interested in experimenting with 
ways to use the equipment provided for collecting and 
examining specimens than in actually examining samples « 
Whether he responded as he did because he preferred 
technology to biology, or because he felt more sure about 
how to explore the use of equipment than to observe samples 
taks^n from the wetland is unclear. 

Diane made few comments during the first four days of 
the unit. One of her earliest comments, about a fairy 
shrimp being examined was ''oh, the eyes are cute.** She was 
extremely concerned about the welfare of the sample 
organisms, worried that they might die while beinr examined. 
She initially had no names for the organisms except *^worms" 
and ••fishies,*' but by the third day, she began to call fairy 
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.'^hriap tlM •*shriqp thing.** Dian* concentrated on coaplating 
•xaainations of spaciMns yihrn" aha vaa aakad to do so but 
did not appaar to an joy studying saaplas siaply for her own 
interest. 

Neither Denise nor Dana had any qualas about examining 
ssBplaa but neither seeaea to have had much experience 
studying wetlands. Denise 's interest in the study stened 
j.rom a recent school project on daphnia. Throughout the 
study she called sanples either "daphnia," or "dragonfly 
nyaphs," or, it they were hairy "poppa hairys." She liked 
to touch and collect samples simply to have them. During a 
canoe trip on the third day with Stan, Scott and the 
researcher, Denise kept insisting on pulling lily flowers 
from the bay but without any p^^icular purpose. 

Dana's comments throughout the unit are often 
interesting, unique and confusing. A number: of D&ria's 
comments will be discussed in the se-tion, "Contiadictory 
and Confusing Ideas." Dana offered very few coiwnents i« t^o 
presence of any of the other students except Denise. Dana 
did not often classify the specimens she examined and when 
she did, she seemed to be unsure of herself. On the sixth 
day, when she was working with Denise, she pointed to a 
sample and said "that guy that I caught, you know, I, it was 
sort of like a minnow, or something, or a tadpole, little 
minnow or a tadpole I suppose." Most of the ti?^e, she 
referred to organisms as "bugs," 
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Th« BtudMit*' rMponsM to th* •nviroiuMntal unit vr€ 
distinct and uniqu*. Stan and Scott vara undoubtadly tha 
Bora axpariancad biologiata in tha group yat thair 
approachas to problams vara quita diffarant. Stan was abla 
to varfoalisa his obsarvations, as vas Stava. Scott 
prafarrad to axaniikft apaciaans quiatly and to supplaaant his 
obsarvations of saaplas by axploring tha anvironaant froa 
vfaich tha saaplas vera collactad. Diana follovad 
instructions clearly and efficiently. Denise enjoyed 
8oci?lizing, often aoving froa one group to another trtien she 
had been paired up with another student. She tended to 
exaaine saaplas for a short while, then aove avay froa the 
task and return to it later. Dana often reaained in one 
spot, often quiet and appearing to be uninvolved in 
exaaining tha saaple, but villing to becoae involved vhen 
given soae guidance either frc* ae or froa another student. 

Differenc ae In Studentm' Percapticna 

Differences in the students' perceptions about hov 
organisBs can live in a vetland can be illustrated by their 
reaponses to a question asked of each pair on the sixth day. 
Tlie stuf'enta vare asked to explain hov they thought 
organisas could renain buoyant in the vater. Stan suggested 
that soae organisas "aight have an air aac" inside of them. 
Scott suggested that buoyancy had to do vith movement, 
8/iying they "vould probably sink" if they weren't "doing 
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anything, likm swiviing*" Stmvm suggestad that buoyancy had 

to do with vava action. 

Nhan tha fish »ova thay aaka vavas behind them and when 
there's a lot of thaa it makes a big wave, and it keeps 
then up. So you see, vhen the fish stop noving over 
here it jtopm and then (they sink]. 

Dana felt that buoyancy had to do with weight. 

Sone bugs, little wons are, like, like, heavy and they 
sink down to the botton? And then sone of then are 
partially light, and the other ones are all, like, 
really, really light so they just stay up on the, urn, 
surface. 

Neither Diane nor Denise offered an explanation for how they 
thought organisms remained buoyant. 

Stan's clear, concise response suggests that he had 
information about air sacs used for buoyancy. Scott's 
response suggests that ba«*ed on his observations, he has 
connected the organism's movement with buoyancy, while 
Steve's observations connected water action with buuyancy. 
Dana's idea connects buoyancy with weight. It is 
interesting to note that the other two girls did not respond 
to the question. 

Ideas Altered bv Obsegvation 
Some of the students' ideas changed quickly in the face 
of conflicting evi«ience. The most easily changed 
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pwTCttptions ••«»•<) to btt thostt that could not b« confused 
with other concepts. This category consisted of ideas that 
the students had not thought auch about prior to the unit, 
such as the nuaber and diversity of or^misss in a wetland 
area, and daily changer in the appearance of the bay and in 
the variety of organisas available for namplinq. 

Can ShriMD Be Found in the Wetland Area? 

During the initial interview students were shown 
pictures of four coaaion wetland organisas, including a fairy 
shriap. I hnd found several shriap in the aarshy bay on ay 
initial exaaination of the site. When the students were 
asked whether they would find shriap in the bay they all 
replied either that it would be too saall to find, or that 
it could not live in the bay. 

Stan said that "shriap noraally live in salt water." 
Scott said they would not be found because "it's not like an 
ocean, it's not big." Steve suggested that shriap: 
...like to be out where it's clear... so I'd say 
probably the saallest body of water we'd find it in is 
probably Lake Superior, if, at any, I'd say probably in 
salt water, in the ocean. 
Dana suggested that "I've never seen sosething like that 
before and I'd say I wouldn't see it." Denise thought she 
Bight see one but that it had been "magnified about a 
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thousand tisM** in th* pictur*. similarly, Diana felt that 
it would hm "too small to find." 

Thara vara fairy shrimp in the saiqplas throughout the 
tvo vaak sassion. Nona vara found four vaaks lator so could 
not be examined during the follow-up interview. All o: the 
students quickly acknowledged that shrimp could indeed live 
in a wetland. 

can the Wetland Support Diverse Species? 

At the beginning of the second interview the students 
were asked to coament on the most interesting things they 
had learned about the wetland. Stan, Steve and Dana all 
commented that they had learned that there was great 
diversity in the species living in the marshy bay area. 
Dana commented that "there is a lot of intaresting creatures 
in the lake." Stan noted that "there's a lot more stuff 
than... you'd notice at first, ty just looking at the water." 
Steve was more explicit, stating that: 

I thought that (the water] was very cold and yucky but 

I found out that all the yucky stuff was really little 

fish, and life and stuff. 
Denise and Scott were most surprised about the fish in the 
water. Denise thoi'ght that fish were only found "way out in 
Lake Ontario. . .not close to, urn, an island." Scott was 
surprised to find that the fish moved around, being found in 
one spot one day, and not on the next day. He thought that 
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thtty stay«d in on* spot. Dian^is r«spoM«8 co the question 
are not recorded because she was unavailable for the second 
interview. 

Four weeks after the wetland unit had been completed, 
the follow-!^ interview began with the question, what do you 
reBesber best about the wetland study? The responses were 
■ore varied than to the introductory question for the second 
interview. The first part of Stan's interview and his 
response to the question were lost because of a problem with 
the recording of his interview. Scott was surprised to have 
found so few fish in the bay, coapared to the nuaber present 
in the lake near his faiaily's cottage. When askod what 
factors he thought night contribute to the low fish 
population in the bay he said "it's shallow. It's kind of 
in a swa^;> area." 

Diane answered the question at the beginning of her 
follow-up interview by saying that she remembered "the stick 
thing with the black things in it." At the time of the 
interview, I said "oh, when you took the piece of seaweed 
and shook it and all the things came out of it, you mean?" 
Diane a^ed, but in retrcpect I think she was talking 
about a spongy piece of reed that she had found on the 
second day from which parallel rows of tiny roots were 
beginning to grow. My comment effectively stopped further 
comments from Diane about what she had remembered of the 
stu^, except to say "we caught some catfish." It is 
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difficult nov to assess whsthsr or not she was intrigued by 
the diversity of species living within the aarshy bay. 

Steve, Denisc, and Dana provided vague responses to the 
- question of wh&t they had learned, avoiding discussing 
specific concepts. Steve said "I know such more about this 
spot. I know aore about the water" but would not elaborate 
on what he now knew. Denise reBeaberad general details of 
the study and two samples that particularly interested her: 
I remember that you were fishing for, um, stuff that, 
stuff that we could test. I remember the big root with 
hair, and the catfish. We went out in the canoes and 
got lots of samples and we tested the water for 
pollution. 

Dana had the most \inusual response of the students. She 
became extremely distraught when nhe was asked what part of 
the wetland \init she remembered best. She spent five 
minutes trying to remember the study: 

Um, yeah, we had to, like, we were collecting things 
and then playing with them. ..the SURVIVAL [game] was 
f\in...do you recember, um, when you had that big, urn, 
root, like, big root, something like that?.... I'm 
trying to remember. . .I*m trying to think back here. I 
forget all this stuff 1 
What the students remembered from the study seemed to be 
related to their interests as well as to their experiences. 
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Thtt studants all seeBttd to be iapressed during the 
study by th« range of specias that could be supported within 
the ecosystea. Their observations had altered their ideas 
about the lake. 

Does the g comvgt«» Change? 

The question of whether the ecosystem changes is 
included under the heading of "Ideas Altered by Observation" 
because several observable changes occurred during the two 
week unit. The two nost obvious changes were in the 
concentration and variety of organisss present in samples 
and in the appearance of the bay itself. Specimens 
collected during the first week of the unit included 
dragonfly nymphs, catfish and pickerel. By the second week, 
the samples contained high concentrations of f latworms and 
fairy shrimp. Four weeks later, samples collected for the 
follow-up interview contained small numbers of water mites 
and little else. The appearance of the bay changed as 
well. During the first week of the unit the bay wab filled 
with reeds and water lilies. High winds early in the second 
week caused the plants to be swept onto the shore leaving 
the bay clear of surface plants. 

Ideas about changes in the ecosystem were confi sed by 
several students with their observations that specimens put 
into a stagnant anaerobic environment change, students' 
ideas based on their observations of the bottled samples 
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will b« discussed in ths nsxt subssction entitled "Do 
Samples Change Under Anaerobic Conditions?" 

CoBsents Bade by the students identifying changes, or 
causes of changes in the ecosystea occurred aost often 
during the individual interviews. On the third day of the 
session Stan suggested that catfish could not be found in 
the saae spots as on the previous day because "I think they 
probably go deeper, where it's cooler. . .because now that 
we're checking for them in the Boming they're not there." 
No other students voluntarily provided reasons for 
observable changes in the ecosystem. During the follow-up 
interview they were all asked to comaent on changes they had 
observed in the distribution of species in the samples 
collected each day. 

Some of the students made no comment about changes in 
the ecosystem during the two week session. Dana did not 
seem to understand the question when she was asked during 
the follow-up interview. Denise speculated on changes to 
bottled samples but indicated that she was bored with the 
interview when the topic turned toward changes in the 
ecosystem. The issue was not pressed fiirther. 

When Diane was asked to talk about factors that 
affected the lives of the organisms observed in the samples, 
she suggested that "the seaweed stuff" was important 
"because the fish eat the seaweed." She made other 
connections as well, saying "the sand, because the things 
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grow in thm sand, and frogs, 1 don't know, mlmmp thore. And 
thtt water's important." Dians rscognizod features of the 
envlroraient that allows aany species to survive within the 
marshy bay, but she did not provide an explanation for 
shifts in species populations. 

Scott and Steve both suggested that changes in the 
ecosystem might be caused by changes in the numbers and 
types of organisms present that would eat one another. 
Their comments are quoted in the section "Organisms Must 
Eat." Scott suggested that sometimes there weren't as many 
"little micro things" in the water as at other times because 
there could be: 

...colder water or hotter water, or maybe... it was 
just...th<«y weren't with the current that day and went 
somewhere else. And if the current was with them 
they'd probably go that way. 
Stan agreed with Scott, suggesting that changes in water 
..temperature could have an effect on sample populations. 
Stan and Steve both indicated that fluctuating pollution 
levels could affect populations. 

PQ sanplae Change Hnder Anaerobic Conditions? 

The students were surprised and impressed by the 
drastic changes that occurred in the samples they had saved 
in bottles for later examination. Roots swelled, lily pads 
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d«cay«d and all of tha snmplas carriad tha stanch of 
stagnant watar. 

Dana cosaantad during tha sacond intcrviaw that one of 
tha most surprising things sha had laamad was that "if you 
put [a spaciman] in, lika, soaathing, it will dissolve." 
During tha follow-up interview she began to discuss changes 
in the bottled samples. She began by saying that samples 
might change "because the lids were on and there was no 
energy to get out or anything." She later explained that 
things change; 

Because, like, if, if, like an insect, like, just ISHSB. 
the water, and doesn't want to get out, it changes, 
right? Like, like, say there was a catfish, right, and 
it just hated to go out of the water, and all that, and 
you took it out, and then there was sort of like, urn, 
and then it was, like, uh, &nd then it changgtf it, 
like, it changed the way it looked and all that... if it 
was in the water, it would stay the same. . .but then 
once it gets out, it changes, like into something, 
like, that'd like land. 
Dana discussed her ideas about changes in organisms at other 
times as well. Her views are elaborated upon under the 
heading "Contradictory and Confusing Ideas." 

Several students noted that the lack of oxygen in 
bottled samples attributed to their condition. Denise said 
that "the stink comes from being trapped in a jar. They 
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can't braathtt vary good." Diana suggastad that aaaplaa in 
bottlaa "daforn** bacauaa of "tha air. Thara*B no air." 
Stan indicatad that "it'a aort of going atala. It 'a not 
qatting vaahad ovar by anough vatar and tha watar that 'a in 
thara ia gatting atala juat lika it." 

Stava of farad a complata pictura of tha procaaa aa ha 
undaratood it; 

Raaaabar tha lily? iCauaa avarything waa aating it, 
and it waa juat, ao all tha, inaidaa of it vara coming 
out and it waa, rotting away aort of. ..ao that* a 
baaicaliy what happana, axcapt that it got all anally 
ainca it waa atill in tha watar. . .tha bottlad aaspla 
can't gat fraah air. ..if wa braatha tha aaaa air, it'a- 
-wa braatha out carbon dioxida, ao wa can't — we'd 
avantually dia. 
Stava underatood tha nead for huaana to braatha oxygen and 
related hia underatanding to tha bottled aaapla. When he 
waa aakad whether he thought certain organisaa ccjld aurvive 
without oxygen he r<vplied ''there haa to be becauae, like, 
fiah live without oxygen. Well, they take their oxygen out 
of the water . " He aeeaed to be uncertain in the end if any 
organiaaa could be anaerobic but he felt aure that aonething 
had fiaten the lily pad. 

There aaaaad to be confuaion about whether organisna in 
bottled aaaplea were dead or alive. Dana reaponded that 
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when w«r« put in bottlM, lif« wa« tak«n fro» tliem. 

Hhtn ah* was aakad to elaborata, aha said: 

Thara ia aoMthing living in thara b^at, lika, onca thay 
gat into tha vatar thay'ra iraa but, lika... lit thinka 
that wa'ira, lika, kaaping him, lika, uh, lika wa'ra 
kaoping hia in that, in thia bottla for, lika. ..lika, 
aay ha vaa lika fiahing, right? And ha doaa aoaathing 
wrong. Thiu ia aort of lika a jflil for him. 
Tha othar atudanta had a variaty of dif farant axplanationa 
for how bottlad aamplaa could contain both daad and living 
organiama. Scott auggaatad that a diaintagratad lily pad 
lookad liica "aoaabody, aoaathing ate it up." Stava 
axplainad that "thinga hava aatan it. I don*t know. 
Thay*ra juat Bunching away at it." Stan mentioned aeveral 
times that ha believed the dia*ntegration of bottlad aamplea 
waa due to micro-orgiiniama but ha did not offer t >rther 
explanationa. 

ggn^radictorv anj Confuglna Idea J 

Contradictory Idaaa 

Idara about pollution provide a good illustration of 
ho^f students' ideaa can be contradictory. Since Steve was 
tha one who moat often brought up the issue of pollution, 
his talk provides the greatcrt number of examples of 
contradictiona about the concept of pollution. Some 
evidence from other students can also be found and 
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co^plMMnts thtt discussion of contradictory ideas about 
pollution. 

0ns of Stsvs's first consnts in ths unit was to 
coHMnt that fairy shriiqp vould not bs found in the bay 
b<icauss "thsy don't liks dirty pcllutsd watar" and three 
■inutes later he contented that "the water's quite 
polluted." Denise agreed with Steve on her first 
examination of the bay water, stating that it "looks kind of 
polluted." What they described as a polluted look to the 
water %ras a yellowish tinge and specks of dirt at the botton 
of the bucket used for saiqpling the water. 

Steve began his second interview with the conoBent that 
"I always thought that this water was polluted very badly, 
and I found out that it wa&n't." Initially, the connent 
seeaii to be an exai4>le of an idea easily changed by 
observation ^ ^. in the final interview, Steve discussed his 
ideas about pollution in another way. When he was asked to 
comment on factors contributing to observable changes in 
species poptaations in the bay throughout the unit, he 
suggested that "the pollution rates went up or down." When 
be was asked to explain his cowient, he said: 

Well, it's just, all the things, all the industry 
that's around, like it has to go up because they're 
making things in factories day in and day out, so the 
pollution has to go up at least three, four. 
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St*v« m—M» on oiM hand to balicvtt that pollution rates must 
ba continually incraaaing, yat on tha othar hand ha claims 
that pollution ratas can go up and down, contributing to 
population changas in tha bay. 

Stava saass to ba cartain that thara is pollution in 
tha vatar, but ha doas not saaa to ba as confidant about how 
pollution affacts tha anvironaant or how it aanifasts 
itsalf . His final coaaar ^ about tha issua confiras the last 
point; 

And even in that just little tiny bucket of water, 
there's probably soae pollution in that too. ..it* s hard 
to see. Like this little, these little dots in the 
water, soae of it might be pollution. It*s hard to 
tell which is pollution and which is not because 
there's so aany organisms in the water. 
Other students in the study seemed to be equally contused 
about the concept of pollution. Although they agreed that 
it must be present in the water their ideas about what 
constituted pollution varied. Stan suggested that it 
referred to "the spewing out of wastes from factories** and 
to sewage dumped into the lake. Denies referred to 
"garbage** in t^he lake as "cans and smoke" while Dana 
referred to pollution as; 

People throwing, like, ua, stones into the water and... 
people throwing like, vm, grass into it, like junk, 
like throwing old junk and all that, and, like, if, if 
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it g«ts too iuSh» it can di«, lik« th« wat«r can, you 
know, lika, dia. 
Unfortunataiy, Dana was not quastionad furthar to determine 
irtiat aha aaant tAian aha aaid tha watar can dia. In the same 
intarviav tan ainutaa later, aha deacrlbad pollution as 
dirty vatar by ahowing aa lAiat would happen: 

If you, UB, put aora thinga in, like, which is 
dirty... but watch, right, if you shake, like, shake it, 
the things are all plugged, like tha^ and... it starts 
to move and all the thinga, things just start to float 
down. Ha. I would say it [pollution] would be that. 
Dana and Steve provided particularly interesting 
contradictions about their understandings about pollution. 
The greatest confusion seeas to relate to notions about vhat 
is pollution and how it can be seen in the water. For soae 
of the students, it seens that they can recognize as a 
pollutant only sonething which they can see in the water. 

Confuaina Ideas 

The final section of the chapter discussing the first 
level of analysis deala with confuaing ideas. "Confusing 
ideas" refera to ideas that are unique to an individual and 
suggest an understanding of t!ie wcitland environment that is 
personal and unrelated to a scientist's understanding. Dana 
provided the richest material for discussing confusing ideas 
so the section refers specifically to her. 
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Aft Dana's casft develops whm app*&rs to b« building 
stori«fi froa concapts r^lat^d to «c<tlandB. It will become 
cleair that Dena vm^iu utorytelilng and setaphors as a way of 
aaking seniie of the coaplex and unfamiliar world of 
wetlands. More will be said about how she seenss to make 
sense of unfamiliar concepts in the next chapter. 

Dana was a particularly quiet member of the group. 
Until she bacame comfortable with individuals she seemed 
reluctant to speak out. During the unit she spoXe most 
freely with Denise and with me. Most of the examples of 
confusing ideas therefore come fror. paired work wit:h Drnise 
and from interviews with me. 

There seem to be several traits that contribute to 
Dana's unique responses to problems. The first is her 
difficulty with language. The more complex a concept she is 
trying to convey, the more hesitant her speech becomes. It 
is difficult for a listener to keep track of Dana's train of 
tdiought. For example, when she was trying to explain why 
water organisms do not move when they are taken out of the 
water momentarily, she said: 

Like, if you got, if you, um, put, like, an, like, 
animal, like, ones that are in, out, of the water, they 
kind of, like, ones tixat are in, out of the water. 
They kind of, like, they kind of, like, they could, um, 
like, you know, um, like, like, can't live if you take 
them out of the water? 
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Dana ■••Md to hm abla to follow hmr own discourM which 
suggMtad to mm that sh« was abla to Icaap an iaaga clear in * 
har mind which aha wantad to daacriba. 

Based on her descriptions, Dana's iaages of aany 
concepts seen to be cosplex and interrelated. Once she felt 
confortable talking to she shared many of her ideas. She 
seeaed to feel coafortable choosing aetaphors to define her 
thoughts. During the second interview, when she was asked 
to choose from a selection of five words to explain what the 
lake was like, she said that it was like a town because 
"it's like, all these animals that are living in a tank. ..it 
would be like.. .there's families in the water." 

The to%m metaphor was lost as Dana talked and vas 
replaced by the image of "family." When she was asked the 
question again Dana was offered "family" as one choice of 
words to complete the statement "The lake is like a..." She 
continued describing her image of the lake by saying "like, 
catfish are one family, and bugs are another family. ..so it 
would bOr family, because of all the creatures that go in 
to, go to just a normal family." 

Another feature of Dana's responses that was not unique 
to her but was more characteristic of her responses than of 
the other students' was her ability to animate and to 
personalize ideas. Several examples are provided below. 
The first two deal with her concern about the welfare of 
organisms when they were bottled. The last two examples 
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dMl with Dana*s undsrstanding about tha laka backed on har 
intaractions with it as a eaapar. 

Dana had obaervad that watar saaplaa kept for several 
days in bottles underwent changes. During her second 
intarvisw, when she was asked to coasent on what she thought 
was happening in the bottles, she suggested that: 

There is something living in there, but, like...bfi 

thinks that we* re, like, keeping hia, like, uh, like, 

like, we're keeping hia in that, this bottle, 

for... like, say he was, like, fishing, right? And he 

does something wrong, see, this is soirt of like a iail 

for him, like, a little, a little iAil* He might think 

that. 

At that point in her discourse Dana seemed to lose track of 
her argument, and moved into a description of the bottled 
saBq;>le. Later, during the follow-up interview, Dana again 
touched on the idea that samples kept in bottles undergo 
Changes, and she provided an animated explanation for what 
she thought might be happening: 

It would be something like, um, like, they change 
because, like, if, if, like, an insect, like, just 
loves the water, and doesn't want to get out, it 
changes, right? Like, like, like, say there was a 
catfish, right? And it just hated to go out of the 
water, and all that, and you took it out. And then 
there was sort of like, um, and then it was, like, uh. 
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and th«n it changed it. Lilc«, it changed, likm, th« 
tray it loolwd and all that. B^cauM, lika, if it was 
in thm vatsr, it would thm uamm, likm, article and 
all that, but then once it gets out, it changes, like 
into soMthing, like, that*d like the land. 
In both interviews, Dana has built on the idea that 
organisBS have eaotions and that they have some 
understanding about and possible control cffer the 
environment in which they have been placed. She attributed 
to the organisBs human characteristics and understanding. 

During the second interview, Dana was asked to select 
from one of three words to complete the statement "I am to 
the lake as [an animal, a listener, or a storyteller] is to 
a story." All of the children had trouble answering the 
question but it did stimulate a response from Dana to 
suggest that her understanding about the lake revolved 
around her role as a camper. Once she had stated that she 
was to the lake as a storyteller was to a story, Dana 
explained her choice: 

Okay. If the water was a whole bunch of kids, right? 
In the centre of f a hole, i...the camp was, a 
storyteller, and siiy, like, he had a microphone, and, 
like, he would be telling all the kids a story, about 
the lake or something like that. And then, then, like, 
the sound would travel, travel all the way around the 
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island, whttr* cha wat*r is... that's what I think it 
would ba. 

Dana*s dascription in fact aada har a listanar, but by 
suggasting that tha watar could ba childran, aha again 
attributad huaan charactaristics and undarstanding the 
anvironaant, in this casa from har own axperiancas as a 
caapar. 

Anothar exanpla illustrates in a different way how Dana 
understands the lake based oh her o%m experiences as a 
canper. When she was asked to axplain why she thought the 
beach had been closed to swiraiers for four weeks, she first 
explained that the closure was due to pollution and then 
conaented that: 

...when I heard the beach was closed, I said to myself, 
why would they do that? That's what I thought. Why 
would they do that, why would they close the beach, if 
there's kids who swia there? Yeah, and then they, 
they don't get any swia. ..like, that wouldn't be fair, 
you know, because, like, people that like to swim, but 
if they don't want to swia or if they can't swim, how, 
how could they cool off, if it's really hot, how could 
they cool off? 

Her undarstanding about the beach closure was very personal 
and, in fact, seeaed to be unrelated to her previous 
assertion that the beach might have been closed due to 
pollution. 
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1lh«n Dana's idaas ara luialysad, thar« •••» to ba 
pattama and clarity vit:iiin har undarstanding. Thev ara 
confusing idaas, hovavar, f.£ thay ar« coaparad to an 
undarstanding basad on a aora aciantific parapactiva. In tha 
naxt chaptar, Dana's parapactiva will ba coaparad with 
Stan*s to provida a focus for iha analysis, axploring in 
graatar datail how two vary dif farant atudants saaa to ba 
Baking sansa of unfamiliar concapta. Data froa tha othar 
studanta in tha study will alao ba usad in tha analysis. 
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CHAPTER 5 

ANALYSIS OF STODENTS* PROBLEM SOLVING BEHAVIOrjRS 

Klaboration of Two St uA^jntm* SMi«««MaklnQ ^lifisSlAftft 
Chapter 4 divid«d students* talk into dift*rant typos 
of idaas—strongly h«ld, dav.iloping, aasily altar«d and 
confusing or contradictory idsas. As ths analysis 
dsvslopsd, ssvsral axaaplas of studsnts* talk indicated that 
what ;«tudants say is dsp«rdsnt upon hov thsy think about the 
pTohlmm, An intsrssting coaparison can ba aada batvaen Stan 
and Dana. Stan was of tan abla to axprass his idaas mora 
claarly than tha othar studants bacausa ha had a graatar 
amount of axparianca and knovladga about vatlands than tha 
othar studants. In contrast, Dana had had littla axposure 
to vatlands and approachad tha sassions Buch diffarantly 
than did Stan. 

Chaptar 5 discussas hov tha studants, particularly Stan 
and Dana, ssaaad to aaka sansa of inforBation thay vara 
laaming about tha vatland. Tha chaptar consists of four 
sections. Tha first focusas on axaaplas of how Stan solved 
problaas presented to hia during the unit. Stan's skills in 
observing and reasoning vill be temed a scientific approach 
to solving probleas. 

The second section focusas on Dana's approach to making 
sense of inforaation. She admitted that she found it 
extremely /difficult to remember things from the wetland 
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unit. Row mhm gradually aads sens* of intomation &« aha 
talkad and axaainad saaqplas by craating storias and 
aataphora vill ba discussad. Dana* a approach to problaa 
solving vill ba callad a storyaaking approach. Exanplas 
froB othar studants vill ba uaad to halp aaka contrasts and 
coaparisons batvaan tha approachas to undarstanding usad by 
Stan and by Dana. 

Tha third saction of tha chaptar axaainas tha students' 
drawings, particularly thosa of Stan and Dana, comaenting on 
how tha studants' pictures relate to their approaches to 
understanding inforaation about the wetland area. The final 
section suanarizas the cvo ehapters of the analysis. It 
suggests that the wetland study provides a unique view of 
students' understanding about a topic related to science 
education. The suaaar* leads the discussion into chapter 6, 
the conclusion of the thesis. 

Ilakin<y Sense of Data as a Scientist 
The bcift exaaples of the students' different approaches 
to problea solving can be found froa transcripts recorded on 
the fifth day of the study. The students had been paired in 
their best groupings — Stan worked with Scott, Diane with 
Steve and Denise with Dana. The discussion in this section 
begins by describing Diane and Steve's coaaents about 
speciaens during the pair«^d session, then focuses on Stan's 
approach to exaaining a speciaen. Although the students all 
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pairticipiit«d in ttxaBining th* Maplas, thara vmrm 
diffttr«ncttB in thsir rnproachss to thm task. In contrast to 
th« way Diana and Stava'a attention shiftad batwaan tha aost 
obvious datails of spaciaans, Stan can ba saan to focus on 
ona spaciman whila axploring its anvironaant. 

Dana*s approach to axaaining a :5atar saspla on tha saaa 
day is discussad and contrastad i»xth Stan's approach. Tha 
discussion about Dana laads into tha sacond saction of tha 
chaptar, on aaking sensa of data by craating storias. 

Diana bagan tha sassion with tha comant "thara's 
sonathing in thara...hay, wow, look at all thasa littli^ tisUl 
in tha waiar. Oh look, thara's a worn. It's raally 
horribxA." Stava's coamant about tha saaa saapla was "yeah, 
thay saaa, whanavar you put thaa in tha water, they seea to 
go ovaf to tha side [of tha 8aiq;>ling container}." The 
coaaants indicate that Diana %nd Stave ware observing and 
sharing their observations with one another, exaaining in 
turn the different types of organisas found in their sample. 

Steve and Diana's responses to the task of exaaining 
tha watar saapla elicited siaple observations and they aoved 
quickly froa one spivciaen to the next. They worked together 
for 15 ainutes, pointing out saaples to one another and 
answering cr^iastions I asked thea. Diane seeaed to work out 
of a sense of duty to coapleta tlie assigned task. As she 
was exaaining one of the bottled saaples she said, "there's 
all this foaaing stuff, tih, the aoss, the nossy stuff. We 
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h»v« to look at this on; It stinks." Tsn ainutss latsr 
shs turnsd to Stsvs to ask "would you say ws*ra finishtid?", 
confining with har partnar that tha task had baan 
satisfactorily cosplatad. 

Whan Stava was askad a question by urn about how ha 
thought watar organisas could braath, ha saaaad to ba vary 
happy to provida mm with an answar basad on his ganaral 
knowladga: 

Thay hava gills and stuff, lika, and thay hava to kaap 
swiming all tha ti»a.- so whan thay swim, tha watar 
goas in thair aouth and coms out thair gills but, 
thara^s soMthing that takas tha air out of tha watar 
or soaathing. . .whan thay*ra takan out of tha watar, 
thay can*t, thare*8 no watar for thaa to swim through, 
so thay can[t taka tha wa, thay can't taka air in. 
Although Stava was oftan abla to provida knowladgaabla 
answers to quastions, Z was laft with a faaling that he 
prafarrad to ba told information, or to raad it and report 
on it, rather than actually discussing observations he had 
aade hiaself . He supported ay view when he coaaented to 
Diana ''Jiat he "hated looking at all these little fish." 

Stan and Scott began the session on the fifth day with 
a coaaentary into the tape recorder. "We're going to try 
and get one of those little bugs." "We have soae little 
bugs and now we're going to exaaina thea." The coaaentary 
continued for several ainutes, but it began to sound like a 
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iur9«^*y, with Stan as th« physician and Scott as his 
assistant. Stan continuad tha comantary: 

Thay'ra lika vary small plankton and thay*ra, xih, sons 
appaar to ba such longar than othars and so>a appaar to 
ba, fairly fat and thara also appaars to ba, sooooona, 
vary saall plants in thara. 
In rasponsa to Stan's coaaants about tha saapla thay vara 
baginning to invastigata, Scott rapliad "and now wa'ra going 
to saa if wa can gat othar diffarant \inds [of organisas]." 
Stan's approach to tt.m axaaination of watar scmplas was 
uniqua aaong tha group. Ha alona aada coaparisons batv n 
organisas and stoppad to axaaina the saapling anvironaant 
prior to axaaining individual spaciaans. 

In addition to being awara of tha saapl:?ng anvironaant 
and coaaantihg on it, Stan was asra intarastad th « tJia 
othar studanta in naaing tha spacias ha axaainad. As ho 
continuad axaaining tha saapla with Scott, ha said "thara 's 
a littla, uh, -'nid." Stan approachad tha saaplas both as an 
objactiva obsarvar and as an intriguad child. Ha of tan 
addrassad tha organisas ha obsarved. As ha was axaaining 
tha scud, ha said into tha containar, "did you fish have 
anything to say about what you ara? Coaa on, don't ise 
afraid." 

Whan Stan was askad a question, he always gave a 
confidant answer. He usually left in his an&vers a vord 
that would allow hia to change his aind should new evidence 
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bm prmmmntmd to him. During th^ initial int^rvi^w, whan 
was aakad, basad on a photograph, irtiathar a backsviner 
could raally cling to tha undarsurfaca of tha vatar, ha said 
"it*a isposaibla to walk on tha aurfaca of iiatar, almost. « 
Nhan ha lookad at tha naxt pictura, shoving a drop of vatar 
baing stratchad from tha vatar surfaca to tha lags of a 
vatar tigar, ha said that tha vatar tigar could cling to tha 
vatar surfaca: 

Bacausa it's a larvaa and it's, this is, could have 
bean its nast and it could ba a vead bad. And it could 
hava its tail stuck. • .Might not have hatched totally 
yat. 

Stan can ba seen to be a confidant student able to create 
sense out of unfamiliar experiences by relating nev 
information to his current knowledge base. 

Stan obviously enjoyed examining samples and became 
involved in his vork, turning it into a game for himself. 
Stan had many of the attributes of a scientist. He vas 
curious, he made thorough observations, and vhen he 
suggested hypotheses, he looked for clues to support his 
claim. On the third day of the stvdy vhen the catfish 
population had disappeared and tvo gar pike vere found 
during the cool morning session, Stan suggested that one 
population had replaced the other: 

Because the vater's cooler nov and maybe they like the 
cooler vatar...! think they probably go out deeper. 
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«fa«r« it's cool«r, b«cauM« it's just vies versa to the 
catfish. Hov that «a*ra chaeking for them in the 
■oming* they're not there. 
Stan's approach to solving probleas presented in the wetland 
study suggests that he was developing the skills cf a 
scientist. Chapter 2 outlined elenents of the nature of 
scienca, exaalning how science is viewed as a discipline. 
Hunby and Russell (1983) argued that the prevailing view of 
science ^« a discipline is sechanistic, with the priaary 
questions about scientific events being focused on 
discovering how things happen. Roberts (1982) argued that a 
contextual view can be equally well suited as a way of 
exploring scientific events if explanations for events need 
to interpreted within a particular context. In the current 
study, Stan interpreted events within the context of the 
wetland environaent. He sou^t clear, unaabiguous 
explanations for events, suggesting that he had 
^aracteristics of a scientist in his approach to problen 
solving. His actions supported Robert;' s (1982) claim that 
a contextual ist view can be a valid approa^ to 
understanding scientific events. 

Stan deaonstrated that he was developing the skills of 
providing scientific explanations for events. He searched 
for precise terns to classify organisas, he looked for clues 
to provide hia with inforaation about the environment as a 
whole to enhance the universal applicability of his claims. 
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and hm was abls to vmtmr to his previous claims tihsn solving 
nMT problsas. This last point rsfsrs not only to a trait of 
a scisntist but also to a way of processing infomation. 
Thsrs is aor%: discussion in thaptsr 6 about how students in 
the wetland study processed infomation. 

Making S ^nmm at Date ae a Storyteller 
During the paired session on the fifth day, Dana nade 
an atte^;»t to naae her specisen. "That guy that I caught, 
you know, it was sort of like a minnow, or something, or a 
tadpole. Like a minnow or a tadpole, I suppose." Unlike 
Stan, Dana lacked the experience and the confidence to 
comnit herself to an exprnssion of her knowledge. The 
comeert makes an important point about Dana. First, it was 
the longest statement she had made during the wetland unit 
to that point. Second, it was a rare attempt by Dana to 
speak about facts directly. 

As the paired session progressed, Dana became 
increasingly willing to express her ideas. As she gained 
confidence, she began to create images that seemed to help 
her to describe what she was thinking. When I asked Dana 
and Denise to consider how water organisms might breathe, 
Dana suggested that: 

Um, like, foi3d, the food that you chew, like, it, like, 
I would say that, there must be this sort of, like, 
like, like, like, there's this broom that's sweeping 
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all of the... and tha food that you aat, to keep 

it... and brings it here. 
Dana changed the issue from breathing to digestion, ffhat is 
aost interesting is her use of the isage of a brooa to 

esq^lain her concept of digestion. Dana used an increasing 
nusO^r of iaages and stories during the reaainder of the 
wetland unit and in the last tvo interviews. She seeaed to 
be making sense of an unfaailiar situatj.on through the une 
of stories and iaages. 

This section discusses how Dana seeas to aakv.) sense of 
data by coabining pieces of her knowledge in stories. There 
seea to be two processes involved in the storytelling. The 
first involves clarifying an idea by finding a suitable 
aetaphor to define it. Dana often repeated tho aetaphor as 
a concluding stateaent, indicating that she had settled on 
an idea. A second process, invoxving weaving observations 
into stories seeaed to evolve as a way of explaining coaplex 
and confusing events. This section of the chapter has been 
divided into two parts, the first dealing with the repition 
of ideas and the second dealing with the creation of stories 
to explain events. 

Rapetition of an Idea 

Dana's use of aetaphors and stories to aake sense of 
unfaailiar probleas became evident during the course of the 
first interview. When she was asked to examine pictures of 
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tmter instcts, I asked her whether a fishing spider had a 

fishing pole. She responded that: 

It doesn't, because, ub, if it was a fishing pole, it 
would have a thing ther^ to aove down the water with, 
to the water. I don't think it has that, and, un, like 
this, it'c just like an 'nsect. That's just like an 
insect. 

Once she had reduced the problem element of a fishing pole, 
and had decided that the spider was just an insect, Dana 
seeaed more confident and more in control. She turned the 
problem to something that was more familiar to her. There 
are many examples of Dane's problem reducing behaviour 
during the course of the unit. 

Dana had a number of problems speaking, from problems 
with diction and vocabulary to nroblems with clearly 
elaborating an idea from start to finish. Many examples are 
recorded of Dana stuttering as she tried to explain herself. 
In spite of her difficulties, Dana's last sentences were 
usually clecr. Often the phrase was expressed as a metaphor 
irtiich might be repeated as a final and confirming statement. 
An example of a final metaphor and confirmation nrose as 
Dana tried to make sense of the fishing spider question, 
described above. She soxinded sure of herself whian she said 
"it's just like an insect" and confirmed her statement 
immediately after with "that's just like an insect." 
lAtBr, when Dana was trying to explain the difference 
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b«ttra«n living in a bottl«d saapl* of wtmr and living tr^^ 
in thm vatar, aha aaid: 

Bt thinka that wa'ra kaaping him in that—thia bottla— 
for, lika, lika, aay that ha «aa...aay vJiat ha waa 
fiahing, right, and ha doaa aoaathing wrong. Saa, this 
ia aort of lika a jail for hia. Lika a littla, a 
littla jail. 

Dana 'a parcaptiona about changaa that occurred in bottled 
aaaplaa are in theaaelvea intriguing and are diacuaaed 
later. Repetition of the netaphor seena to be a strategy 
Dana uaed to aettle on an idea. 

creating Storlaa to Explain Events 

One of the f irat atoriea Dana created waa told to me on 
the fifth day of the wetland unit. While she waa working 
with Denise, Dana apent five minutes pouring waver between 
an eye dropper and a baater. In the baster she had captured 
a acud. When I aaked her to explain to me what she was 
doing, aha aaid **if the bug waa, like, atuck in there... and 
you can't move it, and you can uae water, like to... to do 
it." Later on the aame day when Dana was left on her own to 
work, the tape recorded a five minute monologue. As I 
listened to the tape, I waa aatounded to discover that she 
had not stuttered or faltered as she spoke. Parts of the 
monologue have not been transcribed t<ecause wind noises 
muffled Dana* a voice: 
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Okay, onm of th; vm, onm of tho bugs in that looks 
liko, uh, littlo, UB, nintontions Imio}, thm thin? that 
would bo, UB, fin, liko tho, voU, on tha body, and, of 
tha, of tha craatura and thara vould ba soaa sort of 
lika, uh....this looks lika, littla yallow stuff... a 
body , in it.... it saams to ba sort of lika a, wall, it 
looks sort of lika an inchvom (laughs) , but, a worn 
isn't.... I don't think that I would want to ba an 
inchwom. 

As Dana was racording har obsarvatlons about an organism, 
sha was classifying its parts and saarching for appropriate 
vocabulary. Near tha end of tha aonologua, Dana searched 
for a classification for tha organism and provided tha 
metaphor, "it looks sort of lika an inchworm." Tha 
metaphor, in this case, seemed to replace the. name she did 
not know as sha attempted to describe her experiences. 

Dana created many stories and images during the 
interviews. During the second interview, she suggested that 
"when you look through the, uh, magnifying glass, it looks 
like, like the bug is living in another city, because, like, 
when, when it moves around, it ends up moving through the 
city." Dana not only seemed to be creating a story in the 
example, but also to be playing with ideas. Playing with 
ideas seems to be an important tool for Dana in allowing her 
to retrieve information, ffhan I interviewed her four weeks 
after the study had been coiqpleted she said that she could 
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mmatomt only on* thing— a big root that had swallod whm it 
was bottl«d. Z had b—n wording with Dana for 20 minutas 
bafora aha could bagin to talk about har axpariancaa. 

During tha- sacond intarviaw , Dana axplainad that an 
organism trappad in a bottla might think it was in jail. 
Nhan sha talkad about har undarstanding of what happans to 
organisms trappad in bottlas during tha final intarviaw, she 
saamad to still ba playing with har idaas. Sha explainad 
that: 

Thay cihanaa . bacausa, lilca, if, if, I, lika, an insect, 
lika just lovas tha watar, and doesn't want to get out, 
it changes, right?. . .like, like, say there was a 
catfish, right?... and, it just hated to go out of the 
water, and all that, and you took it out, and then 
there was sort of like, urn, and then it was, like, uh, 
and then it fihAD3fid# it, like, it changed the way it 
looked. 

The story came near the end of the last interview after Dana 
had tried several tines to e7cplain how organisms physically 
change when they are disturbed. She had been trying since 
the second week of the unit to explain her observation that 
when water samples are bottled for several days, roots 
enlarge and leaves disintegrate. Her story seems to be 
based on her current understanding that samples can be 
observed to physically change. 
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Latttr in thm sum intttrvl«v, Dana talkad again about 
saaplas changing, this tiaa parhaps adding to har knowladga: 
Wall, if I, if Z got a chanoa to, saa it, lika, lika, 
diMolva, ua, it would be sort of, lika, turn into 
anothar shapa or soaathing. . .tha root would ba, lika, 
gaicting all brownish and all that, and turning colours 
and all that, I...that*s what it would ba for a 
root. ..it, it would iSEfe of dia. 
Tha word "dissolva" caaa froa Dana's vocabulary and was not 
rsad by mm during tha intarvi<w. In tha story, Dana saans 
to ba drawing togathar har idaas about bottlad saBplas — that 
things changa and that things dia. At ona othar point, she 
had Bantionad <;hat pollution could causa tha watar to dia. 
Daath saaas to ba an iaaga cha ralatad to tha watland 
anviroraiant sinca it occurrad at laast twica in har talk. 
Dana saaaad to ba gradually c^nnacting har idaas and 
undarstanding about tha watland araa through har 
storytalling. 

Diffarancas batvean avaryday cultura and scientific 
culture wax-a discvjtsad in chaptar 2. It was argued that 
scientific explanations require more precise use of language 
than do everyday explanations and must be general izable, 
while everyday solutions can apply only to specific 
situations (Hawkins t Pea, 1937). Everyday language can 
contain aetaphors and anbiguities while scientific language 
must be acre accurate. Tana's talk was rich w^th metaphors 
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and otoriss, thm language of avaryday axplanationa. 
Furtharaora, har axplanationa wara spaoiflc to «ituationa. 
Dana did not aaaa to ba botharad by contradictions in har 
argusMnt^s, nor did aha saak a univarsal undarstanding about 
tha vatlar^ anvironBant 

ecihdn (: 88) auggaat^ that atoriac can provida a 
aadiua for tra. sfoming undarstanding. Storiaa can contain 
aataphora, and can ba aataphora that carry faailiar idaaa to 
lass familiar situations. Dana providad nuaarouc axanplas 
of how storiaa and Batahpors could halp har aaka sansa of 
unfamiliar situations but har storias did not raaova 
aabiguitias in har xindarstanding. It may ba that tha study 
was too short to saa such a transfomation. 

Dana's atorias did not always laad to a claarar 
tuidarstanding. Sonatinas har storiaa saaaad bizarra and 
unraal. Imila sha was axaaining a snail sanplfi containing a 
fair bit of sand during tha final interview, Dana began to 
create the following story, explaining %Aia\, night live in 
the sand. 

You know, urn, do you Icnow, like, if you've got, like, a 
littla tiny speck of dirt... and, like, say you picked 
up the littlest speck of sand that there was and, 
and. ..9nd, there was a bare speck of sand, and there 
was a tiny little door that opened, and there was a 
little tiny door that opened, and there was sort of 
like K house, it, it would be sort of like, a little. 
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liktt, soMthing that lixid in thm houBS, lilM, say you 
got a big rap and tha door cpanad, and, and you pickad 
up a whola bunch of sand, and you, duaped it in thara, 
lika, janad it in thara, and thara va8...and thara vaa 
a sort of lika a lishf lika a housa, of, that lookad 
Ilka tha sand and, gat, rock for a housa, soaathing 
lika that, and, but thara, thara*r no rock in thara, 
so, tha littla hunks of sands, or tha... Oh, I saa a 
black thing in thara, I saa a littla black thing in 
thara. Do you saa it? 
Dana saaaad to hava lost track of tha idaa naar tha end of 
tha story. Sha ba^an tailing tha story vhil< sha was 
looking for organisas in tha vatar saapla. Naar tha and of 
tha story, sha saaaad to raaaabar that sha was looking for 
soaathing. Har quastion radiractod both har attention and 
aina to tha task of finding a spaciaan. 

Jtan also played aentally as he ctxaained saaples, as 
was described above. Mhen he approached a saapla and talked 
to the organisas, he was engaging in play. Pros a 
scientist's perspective, Dana seeaed to be aaking little 
sense of the environaent yet she aade observations about the 
saaples and she wove her iapressions into stories. There 
seea to be acre siailarities between Stan and Da: a's 
approaches to solving probleas than is readily apparent 
through their talk. The last section of the chapter 
analyzes Stan and Dana's drawings, to look for parallels and 



133 



125 

contrasts bstwssn ths studsnts* spproachss to undsrstanding 
ths wstland. 

8tud«nt^«» UndsrstandliMM ftnat^sssd Through A?>t 
In ordsr to incrssM ths studsnts* choicss of tools for 
sxprsssing thsir undsrstanding about vstlands, thsy wars 
askad on days 1 and 9 and at ths bsginning of ths follow-up 
intsrvisw to dspict lifs in a wstland using a skstch 
drawing. Thsy wars invitsd to add couants and labsls to 
thsir skstchss. On days 3, 6 and 9 tha studsnx;^ wsrs asksd 
to obssrvs a spsciusn and to draw it, I'ocussing on its 
aovsmsnt and gross anatosical faaturas. 

Ths studsnts' six drawings containsd aany rsfsrsncss to 
plants, aniaals and anatosical faaturas, as well as to 
pollution, Bicrobss and rocks. A susnar^ '-f ths fsaturc:^ of 
tha watland anvironsant raprasantsd in ths students' 
drawings can bs found in Appsndix J. Ths discussion of 
studsnts' drawings focusss on Stan and Dana's drawings in 
order to look for clues in ths studsnts' drawings that 
contributs to an sxplanation of what they understood about 
ths wstland snvironmsnt. 

Ths Bost outstanding feature in Stan's first two 
drawings of ths wetland was ths dumping of sewage and waste 
(Appendix K) . In his first drawing, a sewage truck was 
dumping liquid and solid waste into the water as two eagles 
watched. By the second and third drawings, Stan had removed 
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th« birds but continu«d to draw in !rMds, crayfish and 
worM. In tha sacond drawing tha sawaga truck had baan 
raplaead by a pipalina into tha watar. Tha final drawing 
dapictad a !>ond surroundad by raads with ci^yfish and snails 
in tha wrtar but did not suggast that tha watland was urtd 
as a sawaga du^p {hppmoAix K) . 

Drawing did not saaa to intarast Stan. Ha draw only 
ona skatch basad on his obsarvations of a spaciaan. In fact, 
ha did not skatch a spaciaan. Ha illustratad how a drop of 
food dya disparsas in watar, basad on an axpariaant I had 
daBonstratad, illustrating how surfaca araa can incraasa 
without changing tha voluaa of a drop of dya (Appandix K) . 
Dana also draw a bottla fillad with graan liquid, axplaining 
that "tha bottla that is fillad with graan food colouring 
has [lifi] dissolvad." Har drawin ^ ara dapictad in 
Appandix L. 

Dana's drawings of tha wetland contained less detail 
than did Stan's drawings. Beciuse she attended the second 
session of the sinmer amp prograa while I was working with 
a different group of students, Dana co. ,«,*ibuted four 
sketches depicting life in a wetland rather th&n the three 
collected froa the other students. Her first drawing was of 
a fully dressed girl bobbing in the water while a fish swam 
past her and seagulls and insects flew above her. In the 
water were the words "green focjiy stuff." The next sketch 
was of a circle labelled "swaap" and a girl with antennae. 
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lab«ll«d "spacs girl" standing basida it. Wlm X gav« th« 
«t«ignMnt , I had askad tha studanta to illuatrata lifa in 
a vatland to axplain to &n alian. 

Dana's third sluitch dapicting lifa in a vatland aada no 
Sanaa to aa for a whila. Sha draw a 9wmp with a caption 
balow it at^ting "a awai^p la sort of lika a watland araa?" 
Tha mwmp containad an inaact, savan ?.ily pads and a boa 
constrictor. I Ivtar raalisad that Diana had alao ahown a 
anaXa in har third vatland diagraa and anakaa vara dapictad 
in picturaa drawn by othar childran I workad with at tha 
caap who vara not includad in thia atudy. Tna childran bi ^ 
h&va aaan an'ikaa in tha watar at aona tiaa whan I waa not at 
tha caapaita. Dana 'a fourth drawing of lifa in a watland 
ahowad a frog and aavaral gr%cr. linaa laballad "laachaa." 

In addition to har dapictiona of lifa in a watland, 
Dana aada thraa akatchea froa har obsarvationa of apaciaans 
(Appandix L) . A sketch aada on tha third day dapictad a 
catfish with ayes, aars, body and lags. On the day the 
akatch waa aada, thara ware no catfiah found in tha bay. On 
tha aixth day, Dana draw four dragonfly nyapha. Thay all 
had antannaa, araa and' lags and looked to na like 
ailhouattaa of Mickey Mouae. One of the nyapha was {.laced 
in a closed bottle. Dana becaae vory interested in and 
concerned about the consequences of bottling organisms. Ker 
concern was illustrated in the dr&ving as wall as in her 
talk. On the ninth day, Dana <*rev "the inside of a leech" 
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as a grMn stalk wi1:h arms. It Bay have been difficult for 
Dana to make out fine detail. She wore thick ql^/dses and 
had trouble using a Magnifying glass to see saq;>le8. 

Stands drawings vere different in Bany vays from Dana's 
drawings • In all of Stan*s sketches were featured sany of 
the ease, unchanging attributes of the enviroiaent Stan 
referred to as a wetland. The drawings sees to be 
consistent with Stan's approach to the wetland unit based on 
his talk during the unit. Stan's sketches were clean and 
simple, symbolizing characteristic features of the 
environment while focussing on a few important issues, such 
as pollution in the environment. 

Dana's drawings, on the other hand, varied greatly from 
one sketch to the next. She seemed to focus on only one 
organism or idea at a time in her drawings. Similarly, when 
she was talking, Dana found it difficult to remember many 
things about the wetland unit at once. 

Stan was described above as an analytical, scientific 
thinker. His drawings indicated that he was aware of the 
interdependent nature of wetlands since he represented 
plants and several kingdoms of animals in all his drawings. 
He also indicated that he was concerned about the wellbeing 
of the environment by his depiction of sewage dumping. The 
drawings supported, to some extent, the image of Stan as a 
scientist. In contrast, Dana's drawings focused on one idea 
about the environment at a time. Her drawings contained 



137 





129 

eleMnts of fact and alMMnts of invention* The drawings 
seemed to be consistent with Dana's talk about the wetland, 
suggesting that she was able to work with only one idea at a 
time, and that she wove factual ideas into stories as ^e 
tried to make sense of unfamiliar information. 

f^timrnMiTY of the Analyses 

The two chapters of the analysis have discussed what 
the six students in the wetland unit revealed to me as an 
instructor and researcher* Chapter 4 categorized the 
students' talk into four types of ideas* It became clear 
through the analysis of the students' talk that there was 
great variation in their general knowledge and in their 
knowledge about the wetland environment* Differences in 
students' ideas were categorized into four groups — strongly 
held, developing, easily altered and contradictory or 
confusing ideas* These were used to provide a framework for 
discussing information revealed by the students during the 
wetland unit* 

At opposite extremes of the group's experience were 
Stan and Dana* Stan had experience, knowledge and 
appropriate vocabulary to discuss his observations clearly 
and factually* Dana avoided factual discussion, in favour 
of discussions that allowed her to create metaphors and 
weave stories about the wetland using her observations about 
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the •nvirorai«nt as th« thraad and her inaglnation as th« 

lOOB. 

Chapter 5 analyzed how Stan and Dana, two students with 
vastly different backgrounds approached the task of 
exaaining and talking about water saxples. Stan was 
described as a scientist; while Dana was described as a 
storyteller. Their approaches to the problem revealed 
sonething aicnut their understanding of the wetland 
environaent. Although their views were far apart, it is 
interesting to note that there were also similarities in 
Stan and Dana's talk, particularly when they played with the 
samples as they talked. 

During the wetland study, students were encouraged to 
examine and to talk about their observations within the 
context of the wetland. Stan has been described as a 
student who was able to make general and broad observations 
about the environment and to apply his observations to 
making sense of specific problems encountered within the 
wetland environment. Dana also explored the wetland but she 
seemed to have a muck narrower perception of the environment 
than did Stan. Although both of the students explored 
problems within the same context, Stan was able to elaborate 
his arguments more completely than was Dana. As a result, 
Stan's talk revealed fewer contradictions and a more stable 
perception of the wetland environment. 
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Tbm wetland study provided a uniqua opportunity for 
axe -^ ininr atudanta* talX ravaaling thair idaas ovar savaral 
days about ona topic. Savaral of tha scianca aducation 
rasaarch papars ^fhich vara raviawad in chaptar 2 askad 
studants to choosa ona of savaral answars to quastions about 
a topic (Amaudin & Nintzas, 1985; Wandarsaa, 1985; Gilbert, 
Watts & Osboma, 1985; Snivaly, 1963) . Although in two of 
thosa studies (Snively, 1983; Gilbert et al., 1985) students 
were encouraged to explain their choice of answers, their 
ideas had already been focused by the researchers' 
questions. In neither of the studies were students 
interviewed a second time, so their ideas were frozen into a 
single impression provided by one interview. By recording 
students' ideas over a longer period of tine, the wetland 
study capture more features in the picture of students' 
understanding than could be revealed by a single 
questionnaire or interviev: 

Another valuable feature of the wetland study was its 
use of s&veral methods for collecting data. Bloom (1990) 
and Aguirre and Kuhn (1987) used several methods for 
collecting data about students understanding. Bloom's 
methods revealed information about how a group of -students 
understood the world, but, as in the studies above, each 
method was used only once, capturing only a moment of the 
student's' ideas. Aguirre and Kuhn (1987) ussd their aata 
collecting methods throughout a unit of study about 
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radiation with junior high school studants but tha focus of 
thair analysis was on taaching ra ir than on students* 
understanding. Tha wetland study was unique in using a 
variety of methods to exaaine students' understanding about 
a -topic. 

The next chapter reviews the purposes of the study and 
sunaarizes the findings, couenting on the success of the 
study in satisfying its objectives. The success ^f the 
stud; lies in part on the effectiveness of the data 
collecting techniques as tools for revealing information. A 
critique of the data collecting methods is pz'ovided in 
chapter 6. Finally, the implications of the study, 
weaknesses and possible follow-up research questions are 
presented at the end of chapter 6. 
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Comnf on What thm Vhrnu lm Contributaa to Ragcarch 

on g^turfantMt Ond^ratandlno 
Thm final chaptar of tha thasis conaiats of thraa 
aactiona* Tha firat aaction raviava t^a findinga of tha 
atudy, raatating ita purpoaaa and co^manting on tha succaas 
of tha atudy in achiaving ita outLinad purpoaaa* Tha aecond 
aaction critiquaa tha valua of tha data collacting nathods 
uaad in tha atudy aa toola for aotlvating atudanta to ravaal 
information* Tha final aaction of tha chaptar diacuaaea the 
implicationa of the atudy, auggaata aoma veaknaaaaa in the 
deaign and recom&enda poaaibla follow up reaaarch queations* 

Reviav of the Study 
'he wetland atudy waa conducted aa a 9 day unit 
exploring a marahy bay* The aix atudenta involved in the 
atudy vcluTiteered to participate aa an optional activity 
within a aumner camp program* Working aeaaiona with the 
atudenta were aet up to inlcude daily group activities, a 
game and time to examine water aamplea collected from the 
ahore of the wetland* The major data collecting time during 
each session occurred while the students examined and talked 
about water samples* Three tape recorders were set up to 
capture the students' comments as they were working* The 
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Students w^r^ •ncourag^d to talk as auch as possible as they 
examined water samples. 

The two main purposes of the study were (a) to explore 
hov students malre sense of concepts related to the study of 
a votland area, and (b) to assess the value of several 
methods used to collect data in an ethnographic study. 
Three questions were used to outline the first purpose, 
asking (a) how do students express their understanding of 
concepts, (b) what rre the common characteristics of 
stu "^nts' talk, and (c) what processes do students use to 
make sense of concepts. Questions outlining the second 
purpose are reviewed in the second section of the chapter. 

SmiHBiiry of the Findings 

The students expref»8ed their understanding about 
concepts encountered in the v;etland in a number of ways. 
Two main methods of communication were available to the 
students during the unit — drawing and talking. Since none 
of the students spent a great deal of effort drawing, the 
majority of information was revealed through students* talk. 
As the students' talk was ex^r^inrnd it became clear chat some 
students were more articulate than others, some had more 
prior Icnowledge applicable to the wetland unit than did 
others, and some had greater confidence in their ability to 
make sense of information that was presented to them. These 
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thrM factors •••Md to 1m particularly iaportant as 
indicators to how studsnts sxprssssd thaas«lv«s. 

Stan was articulata and able to coabins his experiences 
in ths snvironasnt in ordsr to crsats explanations about 
events. He was confident enough to always be able to 
provide en explanation for events and experienced enough :n 
the emfironnent to know where and how to look for clues to 
support his arguments. Scott had experience but lacked 
Stan's verbal dexterity. He spent a great deal of time 
collecting sasples and seemed to like best to observe 
organisms within their natural habitat. Scott's 
explanations for events, when offered » were concise and were 
sometimes supported with evidence from the environment. 

In contrast, Steve had an extensive voc««bulary but he 
seemed to have little experience or interest in exploring 
the wetland environment. He did not seem to have e strategy 
for making observations and he would often move away Iron 
the task of exploring the wetland environment. Like Stan, 
Steve confidently offered explanations for events but he did 
not account for variables encountexad in the wetland 
situation. Diane, like Steve, seemed to be confident of her 
abilities an a student. She used language clearly and well. 
Although Diane did not express great curiosity about the 
wetland unit, she exhibited traits of a successful student, 
able to use strategies to complete even tasks which held 
little personal interest for her. 
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N«ith«r Dtnistt nor Dana saaaad to h% as confident, 
•xparianoad, or articulate as tha other students in the 
study. Oenise often used generic teras to classify 
organism, such as "poppa hairy" to define all organisms 
with cilia or hairs. She enjoyed working with the water 
saaples but her talk suggested that she jumped between 
observations making few connections between events. Denise 
and Dana both used many metaphors, comparing their 
observations made about the wetland environment with more 
familiar objects. Dana spent much of her time within group 
activities sitting passive and alone as other students 
examined water samples. She seemed to lack the confidence 
to begin a task without support. Often she was not offered 
the support she needed by other students. Although Dana 
lacked vocabulary to describe and to classify her 
observations, she often expressed her understanding about 
the wetland environment to me through personal stories. 

The description of how each student expressed his or 
her understanding about the v/etland environment summarizes 
the main characteristics observed about each student during 
the wetland unit. There are few studies in science 
education that have identi/Tied how individual students make 
sense of information over a period of tine. Aguirre and 
Kuhn (1987) described how one junior high school class made 
sense of concepts about radiation over an entire unit of 
study but they focussed on characteristics of the teacher 
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that contributed to successful lsarning« Bloom (in press) 
analysed students* talk as they explored an unfamiliar 
situation but us^ only one interview for eac*h student. The 
wetland study offers a unique look at how a group of 
students expressed their understandings about selected 
concepts throughout a short curriculum unit. 

gg^r n Features of Student Talk 

As the students talked, in spite of large differences 
in the ways they expressed their understandings, there were 
also characteristics common to all of the children. The 
common characteristics were identified most clearly within 
the analysis of students* problem solving behaviours, 
particularly as a comparison between Stan and Dana. 
Although Stan and Dana had had very different experiences 
and could access different types of knowledge, they shared 
two important features in their talk and in their play. 
Both students used language available to them to create 
classifications appropriate for organizing their 
experiences about the wetland environrient and both students 
played with the samples as they talked. 

Several references have been made within the two 
chapters of he analysis describing Stan's attempts to name 
organisms. He recognized a need to use language to sort and 
classify his observations. Although Dana had access to 
fewer words for classifying her observations, there were 
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Bany Mfarmcas throughout thm analysis to bar atta^pts to 
organiia and sort idaas* Thara saams to ba support from the 
data for schsBa thaory, which suggests tb^t laamars sort 
nav information into sansibla catagorias (Chaapagna ft 
Klopfar, 1984; Anderson, 1984)* The value of schema thaory 
in assessing the results of the current thesis are discussed 
more thoroughly in the next part of this section* 

Although all of the students used aetaphors as they 
talked about the wetland environment, Dana used metaphors 
mora than the other students to explain her findings* Using 
metaphors to define terms seemed to be a strategy Dana 
adopted to circumvent her linguistic deficiencies* Bruner 
(1986) discussed the role of language as a way of sorting 
out one's thoughts* Several researchers (Sutton, 1980; 
Lakoff & Johnson, 1980; f^nively, 1987) have argued that 
students use metaphors to make comparisons between familiar 
and unfamiliar situations* The wetland study supported the 
claim ths^t students use metaphors to sort out their 
understanding * 

Bruner (1986) suggested that thoughts are involved in 
organising perception and action* In spite of her attempts 
to make sense of the wetland, Dana*s perception of the 
wetland remained extremely limited* From the beginning of 
the study to the end, spe focused on one characteristic of 
the environment at a time* Her drawings and her talk 
reflected her limited ability to pull together her ideas. 
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particularly at tha baginning of tha follow-up intai-view 
four vaaks aftar tha study had baan coaplatad whan aha could 
roBaabar nothing alMUt tha study. Thara saaaad to ba support 
for Brunar's thaory basad on data providad by Stan and othar 
studants, but thara was also avidanca that a studant with 
poor linguistic skills and with littka ability to racall har 
knowladga would hava soa^^ troubla organizing har parcaptions 
to xaka connactions b^twaan idaas. 

Play was found to ba an important activity for all of 
the studants involvad in tha watland study. Soaa, like 
Stava and Danisa, playad with tha aquipnant that was 
^rovided vhila others, like Stan and Dana, involved tac 
sanplaa thensalvas in their pl&y. Although Stan seemed to 
be a vary serious child, he often talked to the specimens as 
he was examining them. Dana also played with the samples, 
but rather than talking to specimens, Dana talked about then 
as she incorporated her observations into stories. Stan*s 
play involved talking to spc<cimens as characters in his 
games while Dana's play involved talking about specimens as 
characters in her narratives. 

Several researchers have recognized the value of play 
in tha development of ideas. Bruner (1983) recognized that 
play could provide a medium for exploration and also for 
invention of ideas. Hawkins (1965) argued that children 
need to be provided with equipment appropriate for science 
discovery and be jiven time to "mess about" with concepts. 
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BlooB (in prmmm) also Mi^asissd thm rola of play in 
providing studants with a contaxt through which Uiey could 
•xplora thair undarstanding abouu an unfaailiar situation. 
Play is an assantial part in childran's davslopaenv of 
undarstanding and in thair ability to solva problaas 
(Brunar, 1983) . 

PrQc««««it T nvQlvd in San«« Making Behaviour 

Play appaarad to b« ona process students used to nake 
sense of concepts within the wetland study. Other processes 
also seeaed to be contributing to students' sense making as 
they examined samples from the same area over several days. 
Tlie students often referred to their observations from 
previous days and made coiiq;>arisons. As they talked, the 
students seemed to recognize that certain features of the 
wetland environment would change rapidly while others would 
not. Their observations seemed to establish rules about 
what could be expected in a wetlanu. 

Expectations about what may happen in a particular 
situation are developed as information about a situation is 
assimilated into existing knowledge structures (Bransford & 
Johnson, 1972; Anderson, 1984). Many examples of students' 
talk outline their attempts to make sense of unexpected 
events, such as the sudden disappearance of catfish from the 
bay, or the discoveries they made about how specimens 
changed when they were bottled. The data indica«-'3d that all 
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Of thm studMits Mdtt attttapts to axplain thm unaxpactttd, 
•uggttsting that thay had all davalcpad a sat of oxpactations 
about tha aitvironaant. 

Tha claaraat axaiqpla of hov tha atudanta astabliahed a 
aat cf fOCfKiCtationa, and k-ulaa to daacriba tha vatland 
anviroiUMnt ralatas to thair parcaptioi» of pollution in the 
anviroiwent. Bvary atadant had aoaa aanaa of tha preaanca 
of pollution in tha anvironaant and hov it affactad it. 
Liavaral atudants auggaatad that pollution lavala could vary 
in tha watar and auggaatad cauaa and affact ralationahips . 
Tb« atudanta providad cluaa about how thay thought ak>out 
apacific problaaa but thay did not alwaya offa^^ conaiatant 
axplanationa for avanta. For exaaplt^, Stava explained 
within the aaaa comant tt,9kt pollution lavela could go up or 
down, but than atated that factor iea juat keep producing, so 
pollution lavala Must alwaya go up. 

Larkin and Rainard (1984) auggested that students can 
create a set of rules to apply to a problea situation and 
can use thair rules to . ^sess the consistency of their 
current knowledge. Larkin and Rainard applied t)Mir problem 
solving model to physics probleas and auggested tha'c their 
method could be used as a means of explairing physical 
principl'iS whan students were confused or resistant to 
instruction. While the method may lead students to an 
^xaminatio;: of the consistency of a physical model, it dc -.s 
not «eem to be applicable to a biological system. Although 
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the students had a sense of hov changes in the environment 
could be related to pollution, they were not able to provide 
consistent explanations for events. 

There sees to be two reascns that Larkin and Rainard*8 
(1984) Bodel was unsuitable for solving problems about the 
wetland environment* First, the environmental system 
contained too many mysterious e. ements for the students to 
be explained by a consistent set of rules. Second, if 
students are unaware of inconsistencies in their own 
arguments, then it may be difficult for them to recognize if 
conditions set by their current understanding of the 
situation have been met or not. For example, when the 
students were considering whether or not tiny organisms must 
eat, they relied upon their existing knowledge about 
biological systems and their own need for nutrients. The 
students could not actually see how tiny organisms obtained 
nutrients and there was no evidence to suggest how, what, or 
even if the organisms ate. 

Inconsistenci'" in students' ideas occurred throughout 
the wetland study and st:udents were fovmd to interpret the 
same situation in different ways. These findings are 
consistent with ob8erva1:ions made by other science 
re;iearchers (Driver & Bell, 1986; Champagne i Klopfer, 1984) 
that students can construct different understandings about 
information than are expected by an instructor. Hawkins 
(1965) emphasized that children must reach an understanding 
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of •cientific principles by thair own path if they are to 
develop insight. Coaing to different conclusions about the 
saae events aay be an unavoidable step in developing an 
understanding of scientific principles. As educators have 
discovered, trying to force students to accept one view of 
evef- leads only to resistance and frustration (Linn. 
1987) . 

In order to sumonnt the inconsistencies in one's 
understanding about events, the questions seen to have to 
come fro« the student. Duckworth (1986) demonstrated that 
adult students beczuae more interested in examining their 
beliefs only after they had begun to notice inconsistencies 
in their own understanding about a situation. Fisher and 
Lipson (1986) suggested that having students examine their 
own errors could be used as a tool for encouraging them to 
reflect on flaws in their logic. As the students in the 
current study talked about their discoveries, they often 
edited and ^estioned themselves. It would be interesting 
to examine how the students' understanding about the wetland 
environment could be affected by encouraging them to examine 
inconsistencies in their own arguments. 

As the wetland study progressed it became evident that 
the students were building an understanding about the 
environment based on new information and on their current 
knowledge related to the situation. Ai.alysis of «>ana's talk 
in particular indicated that she was using her existing 
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knowledge to sake sense of new experiences, she was 
intrigued, for instance, by the way samples changed when 
they were bottled. She returned to the idea several times 
on different days. As she talked, she spun stories 
explaining how samples could change. Her stories were 
different, but they shared some of the same elements, 
suggesting that she was constructing an understanding from 
some knowledge base. 

Schon (1988) argued that stories often help learners to 
transform knowledge. Schon's ideas are discussed in the 
next section. The sense making process used by Dana is 
described here as an example of schema theory. 

Schema theory suggests that learners construct 
knowledge from their experiences to make sense of the world 
(Champagne & Klopfer, 1984; Osborne i Wittrock, 1983; 
Anderson, 1984). Within the wetland study, two particular 
ways of making sense of the world were outlined. Stan was 
described as a scientist, while Dana was described as a 
storyteller. Throughout the unit, Stan used his knowledge 
about wetlands to explain his observations, while Dana used 
metaphors an-l stories to explain her observations. Stan's 
previous experiences seemed to prepare him to explore his 
environment in quite a different -dy from Dana yet in some 
way they were both found to be building new Knowledge by 
explaining new observations through their available 
knowledge bases. 
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It would be presiimptuous to isply that one view of the 
world was correct while another view was incorrect. Both 
Stan and Dana interacted with fJieir environaent and sought 
explanations for events. Based on their current knowledge, 
their understanding of the world and their ability to link 
ideas, they each suggested solutions to problems encountered 
in the environment. Prior to beginning the study, Stan had 
a well developed xinderstanding about the wetland 
environment. His existing knowledge about the world 
included schemata for assimilating new information about the 
wetland. Stan was able to readily link ideas about the 
situation and to recall information about wetland organisms. 
Dana had had little or no prior experience. She made few 
links between pieces of information about the wetland and it 
was extremely difficult for her to recall information. 

Champagne and Klopfer (1984) discussed students' 
inability to construct a consistent explanation about 
scientific principles. They suggested that students could 
have "naive schemata,** which created loose links between 
ideas. If students have not been able to sort and to 
categorize information and to create links between related 
ideas it can be difficult for them to recall and to 
consistently apply their knowledge (Champagne & Klopfer, 
1984) . Data provided by Stan and by Dana in the current 
study support the argument presented by Champagne and 
Klopfer (1984) . 
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ThrM quMtions ver^ ummA to outline thm first purpose 
of the current study, asking (a) hov do students express 
their understi^nding of concepts 'b) what are the conmon 
characteristics of students* talk, and (c) whar processe^^ do 
students use to sake sense of concepts. Three 
characteristics were found to be particularly important in 
explaining hov students expressed their understanding. 
Differences in students' expressions about tli. ir 
understanding could be linked to their ability to express 
themselves articulately, their ability to relate past 
experiences to the new environment, and their confidence 
about their abilities to express themselves. Two common 
characteristics found in students' talk were their attempts 
to classify their observations and their play with the 
samples as they talked. Finally, two processes were 
described that students used to make sense of the wetland 
environment. The student^; were found to create ••rules" to 
explain how events could happen in the environiaent. A 
••rule** was defined as a guide used by a student to make a 
prediction about the wetland environment, based on an 
expectation. All students, for example, linked levels of 
pollution to the amount of waste 2.nd garbage dumped into the 
lake. The ••rules^^ used by the students varied greatly and 
were not always consistent. Stan, for example, could 
explain that samples kept in bottles changed as a result of 
stagnant water and reduced concentrations of oxygen while 
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Dana explained the same problem by saying that organisms can 
will themselves to undergo physical changes to suit their 
new environment. Larkin and Rainard (1S36) argued that 
students can create a set of rules and test their 
consistency. Evidence from the wetland study refutes their 
claim about the value of using rules to create consistency 
and reduce differences between students* understanding. 

The second process students seemed to use to construct 
an xinderstanding about the environemt was to sort and 
categorize information and to build new links in their 
existing knowledge base. Evidence from the wetland study 
supported schema theory. 

The next section of the discussion examines how well 
each data collecting method worked in rwealing information 
about students' understanding. The relevance of the 
techniques is discussed with respect to the design of the 
study, examininci techniques that work best for an instructor 
who is also the data collector in a qualitative study. 

Rffectiveneas of the Data Collecting Methodg 
Two questions wer^ used to focus the critique of 
methods used in the study First, which data collecting 
methods produced the most robust data. Second, what were 
the strengths and limitations f each method. Drawings are 
discussed first, followed by teacher hand outs, field notes, 
tape recording and the several parts of the interview 
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techniques incorporated into the study. The section ends 
with a discussion of how the variety of methods led to 
similar conclusions about the data, suggesting that 
methodological triangulation confirmed the internal validity 
of the study. 

Although students usually enjoy drawing, it did not 
seem to be a particularly useful technique in the current 
study. The students had to use makeshift ^iesks and contend 
with winds, which contributed to their lack of enthusiasm 
for the task. The drawings were useful, in one sense, as a 
different source of data. They did confirm several 
perceptions I had of the students' ideas from their talk. I 
would use drawings again when better facilities were 
available for drawing. 

The teacher made hand*-outs did not work at all as a 
method for collecting data. They seemed to be out of place 
within the context of the study. Although I might use hand- 
outs as part of my curriculum within a study in my own 
classroom, I would not include them as a data collecting 
method except as artifacts of the classroom culture. 

Field notes were made daily by me as a record of what 
had occurred. They discussed details of the curriculum, my 
feelings about what had been accomplished each day, notes 
about the students, about the setting and how it wes 
changing, and notes about the studonts. As I re-read the 
notes several months after the unit had been completed, I 
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tmlt t^at th^y lamrm ad^quat^ in ruiinding mm of the feelings 
1 had ae the unit was prcgreeeing. It was extremely helpful 
to re-read ay notes as I transcribed the tape and as I began 
to formulate the analyses • Re-reading the notes provided me 
with insights I had not recognized at the time I was writing 
them. 

One problem with %n:iting field notes a» a participant- 
observer rather than as en observer was that, even an hour 
after I had left the site, I felt that I had forgotten 
important points I should have mentioned. Notes made by a 
second observer on the fourth day of the study and by me on 
the same day reflect the difference between the perspectives 
of the observer and of the participant-observer but: they 
also provide evidence of agreement between two observers' 
perspectives (Appendices H t I) • 

The observer notes caught bits of conversation that I 
had missed, such as the students* conversations with other 
campers who were not involved in the study. I was far more 
concerned about the curriculum and its presentation than I 
was about the students' conversations while walking between 
the playing field and the shore. The two sets of notes 
confirmed some student behaviours, such as Diane's reticence 
and Dana's tendency to withdraw from the group. Agreement 
between the two sets of notes helped to validate the 
observations about the group made by me. There were also 
comments in the observer's notes about my behaviour as an 
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instructor and how it affected the students' responses. I 
could not Bake such objective observations from my position 
hm participant-observer. As I continue doing research in my 
o%m classroom, I will focus some attention on improving my 
skills in taking field notes accurately and completely, and 
continue to seek outside observations to confirm or refute 
my own observations about the situation. 

The moat valuable resource available to me throughout 
the wetland study were three tape recorders. Although the 
students* talk was sometimes drowned out by background 
noises such as the wind or low flying planes, or lost 
because the students had moved away from the tape recorders, 
the tapes provided the clearest possible portrayal of each 
day's activities. As the students became less aware of and 
less interested in the tape recorders over a nvimber of days, 
the transcripts became increasingly valuable sources for 
analyzing students* talk about their understanding of the 
wetland environment. I learned how to use the tape 
recorders more effectively, planning activities to limit 
students' movement away from them for longer periods of 
time. I would definitely use tape recorders in other 
ethnographic research studies and would like to augment 
audio tape with video tape recordings. 

The richest recordings of students' thoughts were made 
while the students were working in well matched pairs and 
while the students were being interviewed individually by 
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Be. Whan the students were well Batched, they talked freely 
and they seeBed to provide for one another an intellectual 
scaffolding (Greenfield, 1984) . An intellectual scaffold 
provides learners with support, it allows theB to accomplish 
tasks they could not accoBplish without it and it is offered 
only when it is needed. 

Stan's interactions with Scott and Steve illustrate the 
concept of intellectual scafroldirg. Stan and Scott both 
indicated that they had enjoyed vorking with Stan a great 
deal. Osborne, Bell and Gilbert (1983) claieed that there 
is a natural tendency for students to respect and seek the 
opinions of a student who present clear and consistent 
explanations for events. Without being obviously aware of 
his actions, Stan provided the two boys with clear and 
consistent support. He supplied them with information about 
the wetland when they needed it, he encouraged them to test 
out ideas they would not likely have tested on their own and 
when they did not need support, Stan did not offer it. 

Greenfield (1984) suggeoted that effective teaching 
involves a process of intellectual scaffolding. The concept 
of intellectual scaffolding incorporates wome elements of 
Schon's (1988) argument describing how experts can coach 
novices. Schon's work is discussed more thoroughly in the 
next part. 

When the students were working with me, they all stayed 
on task, answered my questions, and revealed information 
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about thair idaas that was not oftan diacuasad whan thay 
wara working with othar studants. Tha ii/waxviaws wara, 
tharafora, an axtraaaly important sourca of infomation. 
Tha valua of aach aathod usad for collacting information 
during tha intarviaws is discussad balow. 

Ef facttva Mat^hoda for Collac tiny Data Purina Intarviaws 

Thraa aathoda wara usad for collacting data during tha 
thraa sats of individual Intarviaws. During tha first and 
tha third intarviaws, studants wara askad quastions about 
picturas ralatad to wetlands and of wetland organisms. 
During the second interview, students were asked to complete 
ten questions demanding a metaphorical response. In all 
three interviews, the majority of the time was spent 
examining and talking about freshly collected and bottled 
water samples. 

Questions about pictures was developed as a way of 
focussing students' thoughts on one part of the picture at a 
time. It was inspired by Gilbert, Watts and Osborne's 
(1985) Interview-About-Instances technique. Questions about 
pictures were useful in the first interview because they 
provided an initial focus for the discussion about the 
wetland. The students' answers indicated how much they knew 
about the wetland environment before they arrived at the 
camp, and how they talked about ideas when they were asked 
about issues that were unfamiliar to them. Unlike lAI 



161 



153 

int«rvittvs conducted by Gilbert t al. (1985) students* use 
of particular words about the environaent were not examined 
to compare students' everyday use of language with 
scientists' use of language. The linguistic comparison is 
not as well waited to studies in environmental science as it 
is to studies in physical sciences. 

In the study design it was decided that the same 
L/ictures should be shown at the end of the study as at the 
beginning in order to compare students' responses at the 
beginning and at the end of the study and to validate the 
method. In the third interview, I asked some questions 
differently because the students' experiences and talk about 
their experiences throughout the unit suggested to 'ne that 
the original questions asked would be inappropriate. 
Although the pictures were useful in focussing students" 
talk on specific ideas during the first interview, the 
technique did not work well when It was repeated duri.ig the 
final interview. 

The metaphor interview technique, raquesting students 
to complete ten statements about the lake witl. a choice of 
five words, was not particularly useful. The students did 
think about their choice of answers for the first seven 
questions, &sking them to complete statements like "I am to 
the lake as...." (Appendix I). The students provided 
thoughtful explanations for their choices and some of the 
information supported the analysis of students' idecS about 



162 



154 

thm wetland, outlined in Chapter 4. As thm fraaavork for 
tha analysis davalopad, it bacaM claar that Jh% Mtaphor 
intsrviav did not fit wall into tha structura. 

Thara saasad to ba thraa major problams with using the 
mataphor intarviaw as ona data collacting tool aaong nany. 
First, I found that tha last thraa questions J askad wara 
difficult for tha students to answer and were frustrating 
for many of them. These questions were set in the format 
am to the lake as... [a storyteller is to a story; a listener 
is to a story; or an animal is to a story ].*^ I would not 
use this style of question again with elementary level 
svudents. The second problem with the method seemed to be 
that it did not work well xn conjunction with other data 
collecting methods used in the current study. 

I found that the metaphor interview (Snively, 1983) was 
time consuming and I was able to use a limited amount of 
information from the transcripts in x:he analysis of what 
students understood about the lake. When I examined 
transcripts made at other times during che unit, I rc^alized 
that the curriuclum I had developed encouraged students to 
create their own metaph >rs about the wetland environment. 
uy requesting them to complete the metaphor interview 
(Snively, 1983), I was imposing an activity that was too 
structured in comparison to the other activities I had used. 

The most important information About the students* 
understanding of the wetland environment was revealed as 
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thtty vttr« talking about watar saaplas. Whila thay vara 
working with tha saaplaM, the studants could talk fraaly. 
Att thay talkad, thay rc^aalad inforr.^tion about how they 
thought cbout problaa^, how thay orally sorted ida&s, how 
they created metaphors illustrating their perception!} about 
their observations, and how they played. I asked thea 
questions to encoura' their talk and the students were able 
to lead the interview in directions of interest to thmt. 

As the students were completing their exaBination of 
sanples during interviews, I ashed questions encouraging 
thes to think about the size and scale of species 
populations in xh9 wetland area they wero examining. I 
liked the format for interviewing students while th«y were 
examining water ^^amples. The Interviews were open enc;<*d 2ind 
the students seamed to answer questions most freely when 
they were able to work with a sample as they tikxked. They 
were willing to think about tough questions after they had 
had a chance to play with materials. Vygotsky (1978) stated 
that "children solve pratlcal tasks with the help r f ^»*air 
speech, as well as with their eyes and handit*^ (p. 26). 
Evidence from tsie current study supported Vy^otsJcy's claim. 

The observation chat children were *ble to answer tough 
questions more easily aftor they had had oppoxrtuniti«%s co 
interact with materials supports Schon's (1984) claim that 
students need an opportunity to "do"' before they can make 
sense of what a teacher is saying. Schon (1988) argued ^h&t 
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there Must be a **reflectlve transfornation** through which 
students use a familiar situation, such as playing with 
water, to explore a new conte>±, such as explaining how the 
water can support living populations. 

The transformation creates new sense for the student 
about the situation and the esqperience, irtiich can be 
demonstrated through their talk. The students* interview 
transcripts in the wetland study contained a number of 
metaphors and stories. Schon (1988) argued that reflections 
about observations are often embodied in stories. Interview 
transcripts and observations about students* behaviour 
during the interviews supported Schon *s (1984, 1988) claims 
that students ns^ed to interact with materials in order to 
reflect on their understandings and that metaphors are used 
as tools for transforming understandings. 

The value of each data collecting method used in the 
study has been reviewed. Tape recorders were invaluable for 
recording data and for increasing the internal validity of 
the study. Field noues were helpful in returning me 
mentally to the research site several months after the unit 
had been completed. The drawings revealed f;ome interesting 
information but they were not completed under ideal 
conditions^. The teacher created hand outs were useless for 
collecting data. 

Asking questions about wetland pictures helped to focus 
students* ideas and talk during the first inten^iew, bit 
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they vcr^ not particularly helpful during the final 
interview • The metaphor interview generated a fair amount 
of data but it did n^ : provide information that fit well 
into the framework for the analysis • Open ended interviews 
allowing students talk as they manipulated materials 
revealed the greatest amount and the richest information 
regarding students* ideas about the wetland environment. 

As the analysis progressed, it bec2UBe clear that 
information about the students was revealed through a 
variety of methods • I could refer to trans< ripts made using 
different data collecting methods to confirm my perception 
of the students' understanding about the wetland. The 
overlap of information produced by different methods 
suggests that methodological triangulation added internal 
validity to the wetland study. This confirmation of 
internal validation suggests that a long term study 
conducted by an instructor acting as a participant-obser'/er 
can represent a valid piece of educational research. It 
also suggests that there is a place in educational research 
for more research done in classrooms by teachers. 

The final section of the chapter discusses implications 
of the study, suggests weaknesses in the study's design and 
suggests questions that could be followed up in a subsequent 
study. 
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The major liaplications of the study relate to 
observations made about how students process information. 
The students involved in the wetland study came from a 
variety of backgrounds, had a range of experiences 
applicable to the wetland study and hel^: different 
understandings about the world. There were some common 
characteristics in the processes used by different students 
to make sense of information. Even though they were all 
exposed to the same situation for nine days, the students* 
understandings about the wetland environment were very 
different. The differences between students* understandings 
suggest some implications of the study. 

There were several data processing strategies used by 
all students involved in the wetland study. They all played 
with the materials presented to them, they all searched for 
ways to organize and categorize their ideas au they talked 
and they all created metaphors to describe their 
observations. The students seemed to develop a set of 
axpectaticns about the wetland environment. 

As the unit progressed, it also becatme clear that all 
of the students made reference to earlier observations about 
the wetland environment to confirm and clarify th^ir 
understanding about new data. One of \ie most valuable 
features of the wetland study as a research study was that 
it encouraged students to examine one topic for an ex:ended 



167 



159 

period of time, allowing th^ rasearch^r to discover bow 
students could create knowledge and make reference to their 
newly stored knowledge as they made sense of related 
infomation. 

In spite of the fact that they used the same mechanisms 
for processing information, the students came to very 
different understandings about the same situation. Although 
all of the students had some expectations about the wetland 
environment, there was a range of views. Some students, 
like Stan, were able to discuss interactions between several 
features of the environment and to describe their 
understandings from a fairly consistent perception of the 
wetland. Others, like Dana, could concentrate on only one 
feature of the environment at a time. Their explanations 
aibout specific events were inconsistent with explanations 
about other events occurring in the wetland environment. 
When Dana did follow one situation over several days, suCh 
as her talk about what happened to bottled samples, her 
ideas were found to contain a certain amount of consistency 
in themselves but bore little resemblance to a 8c:^ntific 
perspective for understanding the situation. 

There are two Implications for <^lementary science 
teachers. Students who are already articulate and 
knowledgeable when they begin studies can readily assimilate 
new information. Students who have well developed schemata 
can create links between ideas and can be encouraged to 

IPC 
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examine gaps in their own perceptions. Students who are not 
as articulate or as knowledgeable cannot readily assimilate 
new information and cannot use their thoughts well to 
organise their perceptions. 

It was also found that students who were articulate and 
confident tended to support one another* Stronger students 
seemed to be most willing to help their weaker peers when 
they felt that each person could benefit from the 
relationship. Weaker students who had trouble articulating 
their views and who had little confidence tended to be 
ostracized by the others. Peer interactions seemed to 
provide the students with opportunities to talK about their 
ideas. Weaker students did not get the same opportunities 
and their ideas were not as often challenged or supported by 
others. Evidence from the wetland study suggests that all 
students ne^ to talk about their ideas through play and 
with peers to organize their wder standings. 

Two suggestions are made about elementary science 
education, based on the findings of the study. First, the 
teacher can provide students with materials related to 
und:^rstanding a set of scientific principles and 
opportunities to play vith the materials .✓hile instruction 
continues. In addition to offering students opportunities 
to play, the findings of the current study suggest that it 
is equally important to p ovide students with opportunities 
to build their vocabulary for categorizi:-^ and organizing 
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their ideas. Students need to be encouiraged to talk about 
observations • 

Weaknesses of the Study 

Several suggestions for iBproving the study have been 
discussed in the last section, outlining the value of each 
data collecting method • Field notes could have recorded 
more detail and reflected more information about the 
dynamics of the study as it developed. Some of the data 
collecting methods were time consvuning and not particularly 
useful. Their presence in the data created confusion about 
how to design the analysis. The two most important weakness 
in the design of the stv&dy were the choice of setting and 
the length of the unit. 

The setting was chosen for practical reasons — 
uncertainty about where I would be working in September and 
the need to complete the data collection before losing a 
full year due to scheduling coicplications. I am grateful to 
the camp directors for allowing me to fit my study into 
their camp schedule, but it would have been extremely 
helpful to have had a place where the students could sit to 
draw, or to write, or to examine samples quietly and out of 
the wind. The unit was long enough to complete the tasks I 
had provided but it was not long enough to fully examine how 
students* understanding about concepts could be shaped ovei 
time. 



170 



162 

Suaga«tion « to^ a Follnw up Study 

Several quastions occurrad to na as tha analysis 
developad. Two of tha aain questions I would like to 
consider based on the findings of the current study are: 

1. How can students' aetaphors be used to build their 
vocabulary to increase their ability to talk about 
observations as scientists? 

2. How can a teacher structure students' play with 
materials to encourage talk about observations 
among the students, in the absence of the teacher? 

Other questions I would ask within an ethnographic study as 
a participant-observer would be: 

1. How is the teacher's perspective interpreted by 
the students? 

2. What is the teacher's influence on the student's 
understanding? 
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APPENDIX A 
SUNItf JIY PROPOSAL 



*TmHirY Of * Study Undaratiand How Studanta L^arn 

1 tm ^ graduata studant a/c tha Faculty of Education at 
Quaan*s Univarsity. As part of ay Nastar*s thasis, I am 
currantly davaloping a study unit about laka acology for 
childran agad 10 to 12 yaars. Tha purposa of ay rasaarch is 
to axaaina a nuKbar of ways of finding out axactly what 
studants undar«'tand about vhst thay ara learning. I a» 
particularly intarastsd in exploring hov tha languaga that 
children usa to dascr.iba thair axpariancas ralatas to thair 
understanding of concepts being taught in a class. 

I have written this suaaary because I would like to teach 
tha lake ecology unit during the suraer and to work with a 
group of ten to twelve students for tvo weelcs. since the 
unit I wish to teach involves a wetland habitat, it should 
be presented in a setting ^uch as a suaaar day camp 
prograaaa. The next two pages suacArize tiie reasons for the 
study, its purposes, the aethods I will use in teaching the 
unit and imat I will be doing with the students, including 
ethical issues related to the study. 

As an eleaentary school teacher, I have bean troubled by a 
nuaber of students whose progress in school is difficult to 
aonitor because they understand concepts differently than 
the experts in a subject area. The problea is particularly 
prevalent in science because students are often presented 
with "laws of nitura", which in fact are siaply explanations 
that stand up co criticisa. Often students have & non- 
ecientific understanding of the saae concepts yet they 
Accept the "laws" as presented by an authority in the 
subject even if the logic of science aakes no sense. When 
that hoppens, it becoaes extreaely difficult to excite 
students about learning science. 

The current study proposes to examine students' orientations 
and iinderstanding about science concepts as they learn about 
lake ecology. I want to listen to studants talk as they 
play with ideas, and look at how they aake sense of a 
wetland environaent. The two purposes of tha study relate 
to aethods of assessing students* understanoling and to how 
instructional aethods affect students' understanding. 

All c . the students in tho lake ecology group will be asked 
to complete an interv'lew with me prior to the first class. 
I will interview the students at the day camp and each 
interview will take no longer than one half hour. The 
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initial .^int^rvi^v >iill givn mb an oppo'-tunity to mmmt aach 
studant and will prcvida mm with inforaation about how aach 
atudant viava laka acology initialXy. For axaiqpla^ ia tha 
atudant concamtd about tha anvironsant, or iu tha laXa noat 
iiqwrtant bacauaa it ia fun to >lay at tha baach? Baaad on 
tha inVirviava, aix of tha atudanta in tha claaa will ba 
aalactad aa atudanta whoaa work vlll ba collactad and 
analysad for ^ha purpoa^a of tha alady outlinad abova* 

Tha laka acology unit will ba tha aaaa for all atudanta in 
tha group, including tho taaka that ara daaignad for 
collacting data for tha raaaarch atudy* Data on tha aix 
atudanta aalactad for tha atudy vill ba collactad by a 
nuBbar of aathoda* Thay will work in groupa and 
individually to cooplata taaka, to parfora axpariaanta Maing 
a variaty of Batarials auppliad by tha raaaarchar, to aolve 
puaslaa givan a nunbar of cluaa, and to ahara thair 
diacovariaa by making ahort praaantationa, by writing 
atoriaa, and by drawing* 

Tha aix participanta in tha raaaarch atudy will ba 
intarviawcd about thair undaratanding of tha aain cc^capts 
being axplorad within tha unit at diffarant tiaaa deling 
inatruction* Tha partic. ;^;anta will ba aakad to aolva a 
problaa during an intarviaw and to talk about thair aathod 
of working through the problaa aa thay coaplata ir* 

Fiald notaa will ba made throughout tha unit and will 
include notaa on obaervationa about tha atudanta, 
photographa of tha atudanta and tapa racordad diacuasions 
and intarviawa with tha atudanta* Tha aix atudanta who2»a 
work waa aalactad for analyaia will be aakad to p&rticipate 
in an intarviaw four weaka after the lake ecology unit has 
finiahed, in order to aaaeaa whether their conceptual 
orientation haa changed froa the orientation held prior to 
inatruction and froa tha orientation expreaaed at the end of 
the curriculum unit* 

Prior to beginning* the atudy, all atudenta in the course 
will be given a m.4e describing .e atudy for chem and for 
their parenta* liack student must return a note aigned by 
hia or her paranta consenting to the student's participation 
in the atudy* Subjecta* ric^hts to anonymity will be upheld* 
Prior to working with tlie students, the study proposal vili 
have been paaaed by Queen's University Ethics Comi^ittae* 
Subjects in the atudy vill be tr ated fairly and with 
cona iderat ion * 

I would greatly appreciate the opportunity to work with a 
group of 10 to 12 year old campers to provide them wj^h a 
chance to explore a water environment, and to ^^ovide me 
with a group to study* 
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CONSENT FORM 



May 24, 1989 

Dear Parent or Guardian, 

I am a graduate student at Queen's University. As 
part of my studies I want to work wi'Ji children aged 10 to 
12 on a wetland ecology study, i will be working with a 
small group of children at C2uip *********** during the first 
camp session in July. I would like to have your permission 
to use any information that your child provides toward my 
study. 

In order to better understand how children think and 
learn, I will be working closely with a small niunber of 
children in my study. As a teacher, I believe that I can 
provide some insights about how children learn biological 
concepts. In order to do that, I will need to observe 
children as they work. I will be using cassette recorders 
to aid my research. I will axso collect samples of 
children's writing and artwork. All information that I 
collect will be confidential. 

Your child may refuse to participate at any time 
during this research project with no risk of such a decision 
being held against him or her. If you have, now or later, 
any concerns or questions about the research, feel free to 
discuss this with me by phoning me at 549-7958 and/or with 
the Dean (Prof. Paul Park) or his delegate. 

Thank you for your support. 

Sincerely, 



Carol Hulland 
BSC, BEd 

PLEASE RETAIN THIS SECTION FOR YOUR RECORDS 



PLEASE RETURN THIS PORTION 
^' - , give permission for my 

child, , to participate in a 

study being conducted by Carol Hulland of Queen's 
University. 



(Parent or Guardian's Signature) 

179 



(Date) 



173 



APPENDIX D 
Metaphor Intervlw Queatlonnalr^ 



Source: Snively, G« (1983) 

The questions were asked orally, such as **so8S is like a. 
The students were then given fiv^ colour coded cards for each 
question and asked to choose the one that best coiqpleted the 
sentence • 



Parti: The lake xs like a.*. 



i) 

factory 

painting 

house 

battleground 
legend 



ii) 

potluck dinner 

necklace 

town 

playground 
song 



Part II: **** is like a... 

i) moss ii) sun 

garden jewel 

banana peel furnace 

curtain gift 

forest lasp 

patchwork quilt factory 

Part III: I a» to the lake as... 

i) a lock is to a necklace 
a bead is to a necklace 
string is to a necklace 

iii) ^. storyteller is to a story 
a listener is to a story 
an animal is to a story 



iii) 

farm 

dance 

graveyard 

hotel 

gift 



iii) mud 

pillow 
tunnel 
piano 

potluck dinner 
city 



iv) 

family 
jewel 
spaceship 
garden 
patchwork quilt 



iv) lake water 

diamond 

factory 

dance 

soup 

theatre 



ii) leaves are to a tree 
roots are to a tree 
bar>: is to a tree 
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APPENDIX E 
TEACHER RAND-OUT «1 



July 5, 1989 

Hase: 

How old are you? 

What is your favourite suuer activity? 

Wiat new thing iid you find out about the water arotmd **** 
Island? 



Take a look at the water samples* 

DRAW! Hh^^t do water bubbles look like in: 

a) a fui3 iar? b) a halx full jar? 



AN EXPERIMENT 

Jar A: He filled one jar conpletely full of lake water* 
Jar B: We filled one jar half full ut lake water* 
Hake an hypothesis* 

If we keep our samples bottled for a few days, where will we see 
living things? 

YES NO NO DIFFERENCE 

Jar A 



Jar B 



On Friday, we'll open the jars and see if you were right! 
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APPENDIX F 
TEACHER HAMO-OUT «2 

Beeoalna Acauaintad With a Soeclnen 

CHOOSE AN INTERESTING SAMPLE. 
TRY TO FIND OUT HOW IT HSSES- 

DOEi? IT HAVE EYES? LEGS? AN ARTICULATED BODY? 
AFTER YOU HAVE TAKEN A CLOSE AT IT, DESCRIBE IT! 
[list three words that describe how it looks] 



« 

THEN QSM ^"Si 

[label features like eyes, etc.] 
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APPENDIX 6 
WETLAND UNIT CUPRICULUM OUTLINE 



Th« outline presented below was prepared prior to the 
beginning of the study. Although it was followed fairly 
closely, there were som changes. Day 5, for exaaple, 
turned out to b<> an indoor day. I took a water sample to 
the students but the auditorium tumec' out to be a terrible 
r^ace to run the study, so it was essentially a lost day. 

I. Day 1 (Tuesday) 

A. meet students, introduce self and study 

B. hand out paper and pencils - studnnt^ given 20 
minutes to depict their view of "Life in a 
Wetland" 

C. individual interviews 

1. ask students "yes" or "no" questions about 
wetland pictures, then encourage to talk 
about response 

2. examine a freshly collected sample of marshy 
water 

3. bottle one sample of water in Mason jar - to 
be examined by students in a few days 

D. TAPE RECORDING, DRAWINGS, FIELD NOTES, INTERVIEWS 

II. Day 2 (Wednesday) 

A. start with a game of "Survival" so students get to 
know each other and get a perspective of 
populations in the wetland environment 

B. experiment: collect full and half full jars ox 
marshy water - notice differences in bubbles and 
examine again after a few days 

C. water sampling; use Hand-Out #1 to encourage 
students to think of words to describe their 
observations and to draw one of their observations 

1. students working in smaller groups (3-4 per 
group) for 20 minutes 

2. finish with 5 minute wrap-up and sharing time 

D. TAPE RECORDING, HAND-OUT, DRAWINGS, FIELD NOTES 

III. Day 3 (Thursday) 

A. play "Survival" 

B. water sampling; begin to encourage students to 
look for clues to how organisms eat, protect 
themselves, hide, reproduce, MOVE - give them 
Hand-Out #2 to make notes and drawings 

1. students working in groups of 3 for 20 
minutes 

2. 5 minute wrap-up 

C. TAPE RECORDING, HAND-OUT, DRAWINGS, FIELD NOTES 

IV. Day 4 (Friday) 

A. begin with new game, "Environmental Hide and Seek" 
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B. •xamin* bottl«d mtmplti collttcted on Days 1 and 2 

C. watar saapling: in saall groups again 

1. to^ay, focus en co^^isons with other days 

2. collaet n«w saaplas for bottling and 
•x^aining latsr 

3. introduce pH tasting kit 

D. canoa trip for 3 studants - look at marshy bay 
froa a dif farant parspactiva 

E. TAPE SECORDIMG, KXBIiD MOTES 

V. Day 5 (Monday) 

A. bagin with "Survival" 

B. watar sampling • working in partners 

1. look for a situation in the wetland that can 
create conflict in students' understanding 
about life in the wetland 

C. exaaine saaples bottled in first weok 

D. TAPE RECORDING, FIELD NOTES 

VI. Day 6 (Tuesday) 

A. begin with game of students' choice 

B. water sanpling: working in pairs 

1. focus on Boveaent of organisms and new or 
different observations tram previous week 

2. draw and label one organism after careful 
observation 

C. TAPE RECORDING, FIELD NOTES, DRAWINGS 

VII. Day 7 (Wednesday) 

A. start w 1 new game, a competition to be the first 
team to reate a circle around two large 
neighbouring trees using only scissors and one 
letter sized sheet of paper 

B. individual interviews 

1. questions about whot has surprised students 
about the wetland 

2. metaphor interview 

3. water sampling - talk about a sample as it is 
examined 

4. bottled samples - talk about observations 

5. questions to encourage speculation about 
numbers of organisms living in the wetland 
area 

C. TAPE RECORDING, FI'^LD NOTES, INTERVIEWS 

VIII. Day 8 (Thursday) 

A. begin with demonstration - dispersal of one drop 
of green food dye into water - incieasing surface 
area without increasing volume 
3. water sampling: in pairs 

1. focus on how svtall organisms can function, 
considering their compactness (consideration 
of volume and surface area) 
C. TAPE RECORDING, FIELD NOTES 

IX. Day 9 (Friday) 

A. wrap up session 
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1. bagin by drawing a picture to illustrate 

"Life in a Wetland" 
water sampling - whole group 
1. look for anything new in water, not 

previously encountered 
TAPE RECORDING, FIELD NOTES, DRAWINGS 
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APPENDIX R 

PARTICIPANT-OBSERVER'S PIELD NOTES, 7/7/89 



I Stopped at Radio Shack to buy a aagnifylng gle^ss and 
4 "C battarias. Thay no longar stock tha snail sagnifiers 
I wantad, so I bought just one large one. 

Mary (the second observer) arrived at the canp at the 
sane tine as I did—shortly after 10:15. We put out the 
naterials and I brought out the sanples we had put away two 
days • ilier to exanine again. Sone of the sanples of water 
fron the site have a strong sulphur snail. I didn't go into 
it today, but over the next week, I want to develop sone 
concepts regarding the samples thenselves — how we have 
altered the ecosysten and changed such things as influx of 
nutrients, concentration of oxygen, and so ( 

The five students fron the "6" group (t Gophers) 
joined us pronptly at 10:30. The renaining "gophers" in the 
study are Denise, Dana, Steve, Stan and Scott. In sone 
ways, either because she is isolated fron the other nenbers 
of her group during these sessions, or because she is 
slightly older, or for other reasons, Diane renains sonewhat 
aloof. I will write nore about this farther into the notes. 

Gane 

He began with a gane in which all but one person was to 
hide while the renaining one searched for the others. The 
purpose of the gane was to give the group an opportunity to 
feel the environnent fron the perspective of a snail, 
ground-bo\znd aninal. When we talked about it informally, 
both Stan and Denise nentioned that they had felt snail and 
insignificant when they crouched low in the grass while 
playing "Survival." 

The other purpose for the gane was to give ne a chance 
to collect Diane. Her group was working in the field and 
her leader had not renenbered to send her over to join us at 
10:30. 

Dana volunteered to be the first person to search for 
the others. They were given a few ninutes* head start. 
Dana apparently ran past each of then, looking neither left 
nor right of her path. Scott said that he had been standing 
just off the path to her right and she had not noticed. 

After I had called Diane, I sent Diane and Dana both 
off to search for the others. When I went down the path a 
minute later, all the kids hcd gathered and were returning 
to the field on thriL~ own. Dana, neanwhile, had walk«*d to 
the far end of the path, but did not seem to be searching 
for anyone. We wait d for her before we returned to the 
work site. 
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I turned on the tape recordi^rs when we got back to the 
sample collecting eitec He looked briefly at the samples 
collected earlier, and I asked the students to take a look 
at the work sheet I had prepared for them. I then left them 
to work as they wished, but checked in with each of them 
over the next 30 minutes. 

During the session, tvo boys came over tc watch. One 
of them hung around the day before as well. Today, he told 
me that he wished that he had signed up for the group. That 
seems to be a good sign that the group seems happy and 
involved in what they are doing. 

Denise: I looked at the shrimp we*d left in a water filled 
petri dish. It had shed its coat overnight and 
was still alive. Denise immediately made a 
drawing of the organism. She did not refer back 
to the sample as she drew. She seemed to be 
drawing to satisfy my request, but wanted to get 
it over with quickly. 

When I asked Denise if there was a difference 
between the shrimp and its shed coat, she said 
there wasn't any. When she finished talking to 
ma, Denise moved to the water and remained there 
looking for interesting specimens for most of the 
rest of the session. 

Dana: She wandered around for e while, vaguely looking 

at some of the bottled samples. She watched Steve 
work with the microscope for a while. I pointed 
out some samples to Dana, suggesting that she 10i.>k 
for specific features of the organism. She drew 
one organisms and told me it was a catfish, but 
there none were caught this day. She gave the 
specimen feet in her drawing. 

Diane: Diane remained aloof. She would not sit down to 
examine samples. When I asked her to look at a 
spider on the surface of the water, she did not 
turn her head toward it to look more closely. 
Diane did comment on the shrimp's cast off skin 
and she offered some suggestions about it. Did I 
limit her response? I must check the tapes for 
clues. 

Diane's drawing was of the shrimp shedding / drawn 
shortly after I had asked for a drawing. After it 
had been completed, she wandered around, not 
seeming to have any particular focus for the 
remainder of the session. No. • .near the end, I 
put the water spider into a glass jar and showed 
it to Diane like that. She commented on its 
silvery belly and became animated as she talked. 
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Stan; Stan was saarching for catfish again today. At 

ona point, Diana pointad out to that thara were 
soma catfish naar tha shora. I triad to catch 
tham using a saiva but thay got away. Stan and 
Scott cans down and lookad in tha racds but thay 
could not catch any, aithar. Thay did catch what 
Stan callad a ger pika. Thay also found a water 
spiiar. 

Stan spant aost of tha sassion in tha watar, 

collacting saiq;>las. Aaong othar things ha found a 

tubar with saall roots on it. This was put into a 

sa^;>la bottla for latar axaaination. 

Stan did not draw a sampla. Did ha avoid drawing, 

or just not hava tiaa for it? Kaap watching for 

cluas. 

Scott: Scott joined Stan for a «rhila in tha watar. He 
caaa back to shora and began looking at tha 
bottled saaplas. He seeaed to be particularly 
interested in the fish Stan caught. His drawing 
was of the gar pike. 

Scott wanted to work with the nicroscopa near the 
end of the session. He did not stay with it for 
vairy long. 

Scott is so quiet that it is hard to know what he 
is thinking. I will have to watch him more 
carefully next week. 

Steve: Steve wanted to examine the bottled samples using 
the microscope. He called me several times to 
look at what he had foimd. In the end, he settled 
on drawing the gar pike. 

Questions arising frexm tiim aeaaion 

All Of the drawings were very superficial. The most 
elaborate was Steve's, but I am not sure whether he was 
d*-awing it from his memory of a fish or from his 
ol sarvations. I am wondering whether the kids just want to 
rush to get back to the more interesting task of examining 
and collecting water samples. I want to push this idea 
further, asking for other drawings but focusing on greater 
detail in their drawings. ^ ^, 

While it is true that I now have a select and biased 
group of six students, I am wondering how much of their 
interest is based on prior experience with biological 
exploration, and how much on other factors (like, they've 
been to this camp for the past four summers and are bored to 
death with the basic routine) . 

Denise, Scott a'' J Stan have had some experience, 
renise is interested in daphnia. Stan and Scott have caught 
catfish before. How much prior exposure have Steve, Diane 
and Dana had? Is their inexperience affecting the ways in 
wh. 3h they interact with the environment? 
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Thtnqg te yollov Do 

1) ttxplortt thm concept that by changing factors in the 
•coByatam, va can produca noticaabla changas in the 
syataa (ag. in bottled saBplaa). 

2) push the drawings. Hov does drawing and looking for 
details to draw support students* iinderstanding about 
the wetland? Use as a problaa solving situation. 



191 



183 



APPENDIX Z 



Sttcond ObMrvttr*s Field NotM 
July 1, 1989 



Arrived at th« canp 10:20. Foxir 9roupe) of childL9!n 
with iMdttrs. 

Thtt groups of children begin to aove to different 
areas. One girl coaes over to Carol's group. They are 
knovA as the "6** group. The girl te?.ls C. «-hat they were 
just swiming. It*s an overcast day about i.i*c. 

It's a saall peninsula surrounded by water. 

1st girl speaks to m. He have to aiss archery 
79e - Do you like archery? 
girl > No 

mm - Then it's okay to aiss it? 
girl - yes 

Girl looks at speciaen jar^ and pulls ^hoa out ot crate 
one by one. 

Boy pulls soBC equipaent out of C.'s bag - camera and 
aicrophone 

C. hands out books to children. Five children here 
presently. Children saell jar ClAfi] "ay* "snell 

this, it stinks." 
ae - sit down - outside of group 

C. instruct-s - 1st play a gaae, then soae back and look 
at speciaens and draw 
girl - I 'a not good 

Gin guessos gaae...can we play "Sirrvival." 
c. - hiding gaae 

All have tape recorders - turn oV 

Walk to gaae area, cniiuren watch cerefully. 

3 guys talk re-archery. . ."I vow there'll no more 
yellow in the aiddle of the bul? '9 eye at the end c^f the 
sunaer . " 

girl Dana - has a limp (CP?) 

- talks to C. " *\o\x wear the saae snorts and T- 
shirt r.ll the t.iae." 

D. goes to looh ?or other four ch. -idren who have 
hidden. (The ona she finds ist has to then find 
next child.) 

C. goes to find Diane 

ne - have not been introduced. Standing by self waiting for 
children and c, to come back froa the bush. 
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10:42 

On« leader with grey sweatshirt walks by, nothing said. 
A different group of children playing archery. 

discussion with C. This gaae - purpose to teach re- 
hiding places in nature - yesterday, crept low to see a 
different perspective 

C. goes and finds 5 children. Dana other end of park 
calls her back. They wait for Dana on cossand of C. 

2 boys go to wat^ archery. 

1st girl talks to C. •> tells her how other child found 
her because she saw her hair 

C. states she brought a jar in and Bore stuff as 
speciaens. Walk by other group - other boy says to boy in 
"G" group "How cose you're not doing archery?" 

?our children look it speciaen container. One boy 
(white shirt) stands on edge, looks over shoulder. 

Ist girl asks if she should turn recorder on. 

On conrana of C. - observe speci»en and discuss 
Other boy holds aicrophone. Kids standing, aoving around, 
■e - sitting on ground 

1st girl asks again if she can test water. 3 othgr 
boys walk by - "boy it stinks here." 3 guya go with C. to 
"see if they can find catfish." 

Girle stay behind to draw sose pictures, 
■e - have not said anything 

Dana asks - "are we supposed to draw what we think we 

saw?" 

se - "I'» not sure. That's what it sounds like she wanted 
you to do." 

1st girl holds Microphone and tape recorder is on. "I 
know what I 'a going to draw." 

Ot'ier two girls sit on either side. 
C. checlcs on girls 

White shirt boy stays behind to observe specimen 
10:51 

1st girl done picture - takes it to C. 
Dana draws quietly. 
C. suggests a npeciaen for Diane 
Dana spe»)cs to researcher - "I can't draw." 
ne - "Can I see? You labelled it, that's neat. What kind 

of bug is it?" 

Dana - "It's a catfish. Is that what we were supposed to 
do?" 

me - "I guess it can be specimen if you catch it." 
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Dana wallcs ovmr to C. and waits whila C. talks to other 
childran. 

1st girl tails C. sha's going to tha watar 

C. to Dana - " Hava you saan a catfish today?" 
Dana - "Mo" 

C. - "Lat's go and find ona so you can coiqpara with your 
pictura" 

whita shirt boy has suction things to suck out 
spacilMms froa jar - "aonopolizing" - won't lat other boy 
hava it 

look aic bug on top of watar in jar. C. abks children 
if thay could do it (rest on surface of water) . Children 
say no. C. says "I wonder how he does that." C. asks 
quest ion... sake thes think about it. 
4 children around C. 
2 at water 

Diane wanders around, doesn't get involved very much. 
Carol gives her a jar of water to look at - boiled water 
compared to lake water 

11:10 

Carol goes to see students' drawings 
Children explore what they want to with guidance and 
suggestions froa C. 

■a - go to white shirt boy 

- "Is that the speciaen you just saw that you're 
drawing?" 

boy - "Yes" 

- (follows instructions well. Very "studious," 
involved quietly) 

Diane using magnifying glass on jar of water. She gets 
up to look at children at water lookii:g for catfish. 

Boy from other group - "What did you guys catch today?" 
Stan - "A gar pike." 

C. r\ym "feel this log" 
other boy - "ooo-ooo, yukl" 

Diane asks what time it is 

[end of observer's notes] 
KB: 1st girl « Denise 

boy in white shirt • Steve 
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APPENDIX J 



SUMMARY CHART OF OBJECTS DEPICTED 
IN STODENTS* DRAWINGS 
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